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INTRODUCTION 


The two most distinctive features of mediter- 
ranean-climate ecosystems are probably the domin- 
ance of sclerophyllous plants in the above-ground 
subsystem and the life at depth of numerous groups 
of hygrophilous animals in the soil subsystem. For 
most of these groups, life in the deep soil habitat 
must be considered as an escape response (Di Castri, 
1973c), or a mechanism of avoidance (Wallwork, 
1976), related to the fluctuations of the mediter- 
ranean climate, particularly the summer drought, 
and perhaps the high frequency of fire. 

At a geological scale, paleoclimatic phases of 
glaciation and desiccation progressively impelled 
hygrophilous arthropods with poor capacity for 
active or passive dispersal to migrate in depth 
searching for more stable microclimatic conditions. 
Some of them acquired peculiar endogeous adap- 
tations, such as apterism and anophthalmy, body 
depigmentation, a cylindrical or filiform body as- 
sociated with strong reduction of size, morphologi- 
cal structures to facilitate burrowing habits 
(cephalo-diggers and leg-diggers), and ultra- 
evolution of the maie aedeagus in some soil beetles 
(Saiz, 1973). 

The present-day mediterranean environment, un- 
like for instance that of tropical or temperate rain 
forests, requires these hygrophilous groups to live at 
depth. On the other hand, this mediterranean 
environment (unlike that of tundras because of the 
permafrost layer, and that of some tropical savan- 
nas or temperate moorlands because of seasonal 
phenomena of flooding or waterlogging) also allows 
life at depth under aerobic conditions. Deep soils. 
some of them originated during more humid cli- 
matic periods. exist in mediterranean regions. In 
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addition, the deep roots of mediterranean shrubs 
and trees provide input of organic matter to the low 
soil horizons, and the bedrock is generally in a 
strongly fractured form, thus favoring the pene- 
tration of soil animals. Finally, conditions of anoxia 
due to water saturation of the soil interstices are 
very rare in most of the mediterranean soils, because 
of the rolling topography of the areas and also of the 
occurrence of rainfall in the cold season (less 
oxidation processes). 

It is true that strictly endogeous and hygro- 
philous animals (eu-edaphic elements) do not exist 
only in mediterranean soils, but also in all other 
ecosystems. particularly in the deciduous forest, 
where there are important seasonal fluctuations of 
temperature and/or precipitation while waterlog- 
ging does not occur. Furthermore, other ecological 
tolerances can be observed in soil-related animals of 
mediterranean areas, from more mesophilous 
groups (psocids, some pseudoscorpions and 
Prostigmata mites) up to very xerophilous ones, 
such as the tenebrionid beetles, the solifugids and 
the Caeculidae mites (Coineau, 1974). The response 
to the very high spatial and temporal heterogeneity 
of the mediterranean environment, which is in- 
creased even further by the innumerable soil micro- 
habitats, is the multiplicity of mechanisms of sur- 
vival and adaptation shown by the different groups 
and species of soil animals. Some of them will be 
illustrated in this chapter. 

As regards the origin of these taxa, if most of the 
present-day mediterranean flora existed prior to the 
appearance of the mediterranean climate (Axelrod, 
1973: Raven, 1973), this statement is valid a fortiori 
for most of the groups of mediterranean soil 
animals (Di Castri, 1973c). In fact, soil is a more 
stable and buffered environment than the above- 
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ground subsystem. The climatic seasonal fluc- 
tuations are filtered, to a certain extent, by the 
vegetation and the upper layers of litter and humus 
(Di Castri, 1973a). Therefore. a constellation of 
groups of the most diversified geological and 
biogeographical origin, some of them so old as to be 
considered living fossils, have been preserved in 
mediterranean soils. 


STATE OF KNOWLEDGE ON MEDITERRANEAN SOIL 
SUBSYSTEMS 


The soils of mediterranean-climate regions, con- 
sidered from a physico-chemical and morphological 
point of view, or as regards their agricultural 
potentiality, are reasonably well known (see also the 
regional chapters in this volume). However, the soil 
classifications adopted in the different mediter- 
ranean regions and countries are often based on 
national and local terms, thus making very hazar- 
dous any attempt of intercontinental comparison. 

It is hoped that the soil map of the world in 
nineteen sheets at a scale 1:5000000, recently 
completed by FAO-UNESCO (1970-1978). could 
help to facilitate international comparability of soil 
types. Just as one adds the Latin botanical term to a 
vernacular plant name, it should be highly desirable 
to follow the practice of giving the FAO-UNESCO 
equivalent on first mention of a local soil name 
(Young, 1979). 

In addition, considering the heterogeneity of the 
mediterranean landscape, it would be advisable to 
study systematically the mediterranean soils along 
environmental transects, and in terms of catena 
(Zinke, 1973 or bioclimatic sequence, rather than 
to attempt to define zonal soils. Multivariate 
numerical methods of classification can be used to 
characterize these soil sequences (Bottner et al., 
1975). 

As regards soil biology and ecology in general, 
the major problems facing ecologists in the study of 
soil ecosystems have been outlined by Di Castri 
(1970). Methodological aspects have been compre- 
hensively reviewed by Phillipson (1971) for soil 
ecology, and by Parkinson et al. (1971) specifically 
for soil micro-organisms. The methods for extrac- 
tion and sampling of soil animals have been dis- 
cussed by Cancela da Fonseca and Vannier (1969) 
and Vannier (1970) for arthropods, by Merny and 
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Luc (1969) for nematodes, by Bouché (1969) for 
earthworms, and by Levieux (1969) for ants. 

A preliminary synthesis on soil animal com- 
munities in mediterranean-climate ecosystems has 
been attempted by Di Castri (1973b). He described 
in particular the physiognomy, stratification and 
species diversity of soil communities; he also dis- 
cussed the main selective forces acting on soil 
organisms in the mediterranean environment, and 
the evolutionary strategies adopted by soil animals 
in response to these forces and on account of their 
differing biogeographical origin. The world-wide 
overview of Wallwork (1976) on the distribution 
and diversity of soil fauna does not cover the 
mediterranean ecosystems as such; however, some 
consideration of mediterranean-climate soil ani- 
mals is given in the chapters dealing with forests and 
deserts. 

In analyzing these preliminary syntheses, it must 
be kept in mind that studies of soil as an ecological 
system are relatively very recent, and that, above all, 
the complexity of the soil subsystem as regards 
number of species, of individuals and of micro- 
habitats is several orders of magnitude greater than 
that of the above-ground subsystem. Aquatic ani- 
mals (the soil "water" fauna comprising small 
animals, such as protozoans, rotifers and nem- 
atodes, which dwell in the water-filled soil capil- 
laries and the water film which envelops the soil 
particles — see K ühnelt, 1955) live beside terrestrial 
aerobic animals in a multiplicity of microhabitats 
determined by small discontinuous variations in the 
soil texture and by the stratification of soil into 
horizons with very distinct conditions as living 
spaces. For this environment, from a physical and 
evolutionary viewpoint intermediate between the 
atmosphere, the hydrosphere and the lithosphere. 
Vannier (1973) proposed the denomination of poro- 
sphere. This environment would have facilitated 
the transition of invertebrates from the aquatic to 
the terrestrial life (Ghilarov, 1958). 

Three main problems appear when studying, and 
even more when trying to compare, these soil 
communities: 

(1) The difficulties in taxonomic identification of 
the organisms under study. To take the example of 
Chile where the authors have worked during ten 
years together with many collaborators, hundreds 
of thousands of animals have been collected. and 
hundreds of new species and many new genera have 
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been described, yet the taxonomy of most of the soil 
groups in Chile still remains largely unknown. The 
only practical solution is to concentrate research on 
a few selected groups — such as some mites, 
springtails (Collembola), pseudoscorpions, psocids 
and beetles — widely represented in these mediter- 
ranean environments. 

(2) The lack of comparability of the extraction 
methods for the evaluation of density of soil 
animals adopted by different research workers in 
the various regions. For the purposes of this 
chapter, the core data consist of the materials collec- 
ted by Di Castri and his collaborators, using strictly 
comparable techniques, in the mediterranean- 
climate zone of Chile (and to a lesser extent of the 
Mediterranean Basin and California). Whenever 
possible, comparisons will be made with the other 
mediterranean-climate regions. 

(3) The lack of relations between the investi- 
gations on community structure of soil animals 
(density, species diversity, etc.) and those on func- 
tional aspects of the soil subsystem (litter fall and 
decomposition, soil biological activity attributable 
to metabolic processes of the microflora and to root 
respiration, etc.)!. For instance, though research on 
ecosystem functioning is well developed in 
California (Dunn and DeBano, 1977; Yeilding, 
1977), "there is almost total absence of published 
information on soil animal communities in 
California" (Menke and Villasenor. 1977). Con- 
versely, in Chile the results of comprehensive re- 
search on soil animals are not backed by adequate 
information on chemical and biological aspects of 
soil metabolism. 


STRUCTURE OF ANIMAL COMMUNITIES IN 
MEDITERRANEAN SOILS 


The analysis of the structure of soil animal 
communities in mediterranean-climate regions will 
be based on the soil arthropods, which are often 
called soil mesofauna (Van der Drift. 1951: Balogh, 
1958: Di Castri, 1963a) and measure from 0.2-0.5 
up to 2-3 mm. In fact, they represent the large 
majority of the animals collected through the most 
commonly used extraction method, the Berlese— 
Tullgren funnels. A shorter mention will also be 
made of some aspects related to the small soil 
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soil macrofauna and megafauna (animals such as 
millipedes, termites, earthworms and others, whose 
dimensions go from less than 1 cm up to 20 cm or 
more). Some relationships of the soil fauna with the 
soil microflora, the ground-surface fauna (epigaion 
or epigeal fauna) and the plants will also be 
discussed. 


Density and diversity of soil arthropods in 
mediterranean Chile 


Data on density and diversity of soil arthropods 
in the mediterranean-climate region of Chile are 
summarized in Table 24.1 and Fig. 24.1. Only the 
commonest groups extracted by Berlese-Tullgren 
funnels are considered here. Mean density is ex- 
pressed in number of individuals per dm“ of soil; 
species diversity, in bits per individual according to 
the Shannon-Wiener function (Margalef, 1957). 
This method of measuring species diversity, based 
on information theory, was applied for the first time 
to problems of soil ecology by Di Castri et al. (1964) 
and Marcuzzi (1964), and it is widely used at 
present. The various ways in which this method has 
been applied to soil ecology. as well as the in- 
terpretation of the results obtained through it, are 
reviewed by Di Castri and Astudillo (1966a) and 
Cancela da Fonseca (1969). The two indices most 
commonly applied — that is, those of Shannon and 
of Brillouin — have been compared by Di Castri 
and Vitali-di Castri (1971). 

Out of the thirteen ecosystem types considered in 
Table 24.1 and Fig. 24.1, eight represent “natural” 
conditions, though some of them have suffered a 
rather strong human impact; the last five are man- 
made systems resulting from the plantation of 
exotic trees, intensive' agriculture, and irrigation. 
All of them are under xerothermomediterranean 
climatic conditions (mediterranean arid and semi- 
arid types, see Di Castri, Chapter 1) and are 
distributed from latitude 30 to 34°S. 

The vegetation of this region is described in 
general terms by Rundel (Chapter 10). More infor- 
mation on ecosystem gradients in the central zone 
of Chile (semi-arid mediterranean type) can be 
found in Schlegel (1966). Quintanilla (1977), 
Armesto and Gutierrez (1978) and Armesto and 
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Mean density (in individuals per dm? of soil) of the main soil arthropod groups, extracted by means of Berlese-Tullgren funnels, from natural and man-modified ecosystems of the 
mediterranean-climate zone of Chile 


Main ecosystem Fog Riparian Deciduous Sclero- Sclero- Acacia- Montane Open Eucalyp- Pinus Dry- Irriga- Irriga- 
types hygro- hygro- forest phyllous — phyllous Prosopis matorral shrub- tus radiata farming ted ted 
philous philous forest matorral savanna land globulus planta- fields crops pastures 
forest forest with planta- tion 
suc- tion 
culents 


Mean species 
diversity in bits 4.49 4.11 4.28 3.97 3.74 3.39 3.43 3.30 2.82 2.33 3.17 2.95 2.56 
per individual 


Isopoda 9.3 49.0 2.1 12.5 3.8 Ss 0.9 0.4 2.6 8.0 
Acarina 
Gamasides 185.3 152.6 198.7 94.1 43.2 69.7 3.0 6.1 62.1 9,9 14,7 14,9 402.6 
Uropodina 108.7 31.4 57.1 22.7 47 9.1 0.5 0.1 9.7 2.0 1.0 
Prostigmata 65.3 236.8 245.9 293.2 345.9 108.4 297.0 105.1 156.5 61.8 130.7 13.8 221.3 
Tarsonemini 91.3 59.0 75.7 150,9 51.8 22.9 L5 2.6 58.7 9.3 79.3 27.2 7.9 
Acaridiae 50.0 369.3 115,1 73.8 25.8 65.6 16.5 18.4 55.2 16.4 57.3 269.8 2761.1 
Oribatei 1161.3 785.5 432.9 332.5 171.6 47.5 66.8 727.8 131.6 50.0 17.7 330.4 
Araneida E 37 11.3 6.5 4.6 2.2 0.6 0.8 1.9 0.9 0.1 0.5 35 
Pseudoscorpionida 10.2 33.6 15.5 13.9 8.0 0.6 0.3 0.4 0.3 
Diplopoda 25.3 47 1.9 5.4 2.5 0.9 0.2 0.1 0.4 0.1 1.2 
Pauropoda 8.7 2.0 0.4 2,2 0.8 0.1 0.5 0.2 0.4 0.9 0.9 3.0 
Symphyla 0.9 1.0 12 28 03 0.6 0.1 0.4 0.5 
Chilopoda 1.8 1.3 3.9 1.3 0.7 1.0 0.1 0.1 0.6 0.1 1.6 
Collembola 
Arthropleona 146.0 354.3 115,9 184.4 39.5 105,8 54.7 18.5 392.9 19.6 4.7 89.6 3020.3 
Symphypleona 2.5 28.3 L6 5.6 0.6 6.5 0.8 6.9 4.4 4.3 3.8 
Protura 16.0 5.7 5.8 4.7 3.8 0.2 0.2 1,3 0.4 2.2 0.9 
Diplura 0.1 0.1 0.8 0.3 0.1 1,2 0.1 0.5 
Thysanura 0.2 0.1 0.3 0.5 0.7 1.0 
Thysanoptera 0.6 8.0 27.2 4.5 7.8 1.9 0.5 12.4 3.3 20.7 0.9 3.3 
Psocoptera 0.8 13 5.7 oH 17.9 1.5 0.5 3.6 ph; BS 0.9 0.3 15.0 
Heteroptera 1.5 0.7 4.1 02 0.1 0.2 0.1 0.4 0.1 0.2 0.1 1.8 
Homoptera 17.3 EY 4.9 38.8 16.6 4.0 $5 E 9.9 2.7 2.6 28.0 
Lepidoptera (larvae) 16.7 47 11.7 XI 3.8 1.3 0.6 0.8 4.7 0.9 0.7 3.3 5.7 
Diptera (/arvae) 8.0 10.7 36.2 18.0 39 69.5 6.5 3.8 93 0.4 47 20.2 
Coleoptera (/arvae) &3 8.0 20,3 53 2.2 37 0,5 3.5 0.4 0.2 0.9 9.0 
Coleoptera (imago) 26.7 27 27.6 8.6 6.7 1.2 1.0 0.8 0.9 0.1 13 3.2 
Hymenoptera 1.3 1.0 63 0.8 0.7 1.6 0.6 INI 0.8 0.5 10 


Total mean density 
(individuals per 2439.6 2543.8 1781.9 1396.8 930.8 656.2 439.1 251.9 1506.4 257.6 365.1 458.8 6855.8 


dm? of soil) 
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Fig. 24.1. Mean species diversity (in bits per individual, calculated according to Shannon's formula) and mean density (in individuals per 
dm? of soil) of soil arthropods from thirteen natural and man-modified ecosystem types in the mediterranean-climate zone of Chile: 
FF = fog forest: RF = riparian forest: DF = deciduous forest: SF =sclerophyllous forest: SM = sclerophyllous matorral: AS = Acacia 
savanna: MM=montane matorral; SS=shrubland with succulents: EP = Eucalyptus globulus plantation: PP = Pinus radiata 
plantation; DC = dry-land cultivation. /C = irrigated crops: JF 
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Martinez (1978): information related to the north- 
ern zone of Chile called Norte Chico (arid medi- 
terranean type) is available in Bahre (1979) and 
Gastó and Contreras (1979). 

The "fog" hygrophilous forests ( FF in Fig. 24.1) 
occur with a very discontinuous distribution in the 
coastal range, and include several floristic and 
faunistic elements which characterize the Valdivian 
hygrophilous forests located about 800 km south of 
this mediterranean area: dominant species are 
Aextoxicon punctatum, Drimys winteri and 
Beilschmiedia miersii, with a great abundance of 
cryptogamic epiphytes and bromeliads (see also 
Kummerow, 1962; Follmann, 1963: Rundel and 
Weisser, 1975). The riparian hygrophilous forests 
(RF) are found along some small rivers (quebradas), 
Drimys winteri, Salix chilensis and Myrceugenia 
spp. being the dominant elements; the dense Drimys 
winteri forests existing on phreatic sites in very 
isolated situations also have similar characteristics. 
The montane deciduous forests (DF) are those of 
Nothofagus obliqua var. macrocarpa developed on 
pole-facing slopes at higher elevations in the coastal 
mountains, up to 2220 m (top of Cerro El Roble). 
The evergreen sclerophyllous forests (SF) with 
Cryptocarya alba, Quillaja saponaria and Lithraea 
caustica occur in the canyon bottoms and in some 
pole-facing slopes at lower elevation; great floristic 
and faunistic similarities exist with the matorral. 
The sclerophyllous shrublands (SM), the Chilean 
matorral, seem to be the climax formation of the 
semi-arid zone with mediterranean climate: to- 
gether with evergreen species such as Lithraea caus- 
tica, Kageneckia oblonga and Colliguaya odorifera, 
some drought-deciduous and spiny shrubs (Trevoa 
trinervis, Colletia spinosissima and Ephedra andina) 
are usually present. The open savannas called 
espinal (AS) with Acacia caven (a deciduous 
phreatophyte) as dominant species, and Prosopis 
chilensis with only scattered individuals, have at 
present an understory where the grasses introduced 
from the Mediterranean Basin region are the essen- 
tial component. These savannas are subject to 
intensive grazing pressure and are sometimes con- 
sidered as a degradation stage of the matorral; 
however, they may well represent the climax com- 
munity of the flat plains of the central valley of 
Chile, since there is no evidence in these situations 
of successional patterns towards the matorral 
(Rundel, Chapter 10). The montane matorral 
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(MM) occurs on the Andean slopes at elevations 
from some 1200 m up to more than 2000 m; in 
general, plants are more xeromorphic and more 
spiny than in the true matorral: at higher altitudes 
they often take a cushion-like aspect; near the 
quebradas, Éscallonia myrtoidea becomes domi- 
nant. Finally, the open shrubland with succulents 
(SS) comprises both formations with Trichocereus 
chiloensis and Puya in the xeric equator-facing 
slopes of the central zone of Chile, and the coastal 
matorral of northern Chile with an abundance of 
drought-deciduous shrubs such as Fuchsia lycioides, 
Proustia pungens and Adesmia arborea; this is the 
formation which has probably suffered man's dis- 
turbance most strongly. 

While the soil fauna of the sclerophyllous shrub- 
lands (matorral) is the main focus of this chapter, it 
would not be possible to understand its structural 
features, unless it is considered in relation to the 
fauna inhabiting the soils of the other more humid 
or more xeric formations which exist in the same 
zone as an ecological gradient. 

A number of publications refer to some of the 
data included in Table 24.1 (Di Castri et al., 1961; 
Hermosilla, 1962; Martinez and Sánchez, 1962; Di 
Castri, 1963b,c; Covarrubias et al., 1964, 1965: 
Murúa. 1966; Hermosilla and Murúa, 1966; 
Hermosilla and Rubio, 1976, 1977). However, most 
of the data come from results of still unpublished 
research carried out in Chile by the authors and 
their co-workers. Through these surveys, nearly a 
million specimens of soil animals have been col- 
lected. This is the first time that a synthesis of these 
results is presented in a comprehensive way. 

As regards the taxonomic identification of these 
materials, mention should be made, among others, 
of the following publications: Athias-Henriot 
(1969) for the Gamasides; Franz (1964) and 
Robaux (1969) for some Prostigmata; Mahunka 
(1968) for the Scutacaridae mites; Covarrubias 
(1967, 1968) for the Oribatei; Vitali-di Castri (1962, 
1963. 1969a,b. 1972, 1975) for the Pseudoscorpionida: 
Scheller (1968) for the Pauropoda; Rapoport and 
Rubio (1963, 1968) and Najt and Rubio (1978) for 
the Collembola Arthropleona; González and Smith 
(1964) for the Diplura Japygidae: Badonnel (1963, 
1967, 1971) for the Psocoptera: Coiffait (1963), 
Coiffait and Sáiz (1964, 1965, 1966, 1967, 1968) 
and Sáiz (1969) for the Coleoptera Staphylinidae: 
Jeannel (1963, 1964) for the Coleoptera Pselaphidae: 
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Franz (1967) for the Coleoptera Scydmaenidae: 
Kaszab (1969) for the Coleoptera Tenebrionidae; 
Bonniard de Saludo (1969) for the Coleoptera 
Carabidae: Dajoz (1967) for the Coleoptera 
Lathridiidae. 

Considering the soil fauna of the eight “natural” 
formations (left part of Fig. 24.1), it appears that 
density and species diversity decrease gradually 
from the dense hygrophilous forests towards the 
more shrubby or more open formations. Values in 
the matorral (SM) are intermediate between those 
of the forested areas and those of the savannas and 
of the subdesertic ecosystems. 

The riparian forest (RF) partly constitutes an 
exception, because values of density are greater and 
values of diversity are less than those for the 
hygrophilous fog forest (FF). This contraposition 
of density versus diversity is a normal trend in the 
mediterranean zone of Chile in situations where 
soils are subject to periodic floods. as in this case: 
this trend will appear in a much exaggerated form 
when the irrigated fields are analyzed. 

In the Chilean zones with subhumid and humid 
mediterranean climates, the relations between hy- 
grophilous and sclerophyllous forests are similar to 
those shown in Fig. 24.1 — that is, with higher 
values of diversity and density for the soil fauna in 
the hygrophilous forest. In absolute terms, diversity 
is high in both formations, reaching values of about 
five bits per individual (Montero and Christen. 
1974). Similar values have been observed in the 
hygrophilous forests of the mediterranean per- 
humid region (Saiz and Di Castri, 1971). 

At a first interpretation of the information in 
Fig. 24.1 on this ecosystem gradient, both the 
organic matter and the water content of soil could 
be invoked as the main factors explaining the 
progressive decrease in density and diversity of soil 
fauna. Of course, no one single factor can be 
responsible for this trend, but rather a complex 
interaction of different phenomena. However. a 
series of correlations involving the soil fauna of 
different formations and at different soil depths (Di 
Castri et al., 1965a) demonstrated that the organic 
matter content of soil is the main factor influencing 
the distribution and the diversity of soil fauna in this 
region of Chile. Similar conclusions have also been 
reached. as regards density. from research in Italy 
(Di Castri and Astudillo, 1966b). On the other 
hand, soil moisture can influence the soil fauna both 
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by deficit and excess: in clay soils of low per- 
meability, correlations between the density of mites 
and the water content of soil may even be negative 
(Di Castri and Astudillo, 1966b). Of course. the 
content of organic matter in soil depends largely on 
the density and characteristics of the vegetation, 
which is itself greatly influenced by water availa- 
bility: this illustrates the degree of interdependence 
of these two factors, soil organic matter and soil 
water content. These aspects will be further dis- 
cussed in this chapter, when the soil fauna of the five 
regions with a mediterranean climate are compared. 

It would be out of the scope of this volume to 
discuss in detail the distribution and the ecological 
characteristics of all the soil animal groups enumer- 
ated in Table 24.1 (the sequence of ecosystems is 
the same as in Fig. 24.1). The most important 
conclusions are as follows: 

(a) As regards mites (Acarina), the density of 
Oribatei and Uropodina decreases in a rather 
regular way from the forested soils towards those of 
open shrublands. On the contrary, the density of 
Prostigmata increases, reaching the maximum ab- 
solute values in the sclerophyllous (primarily ever- 
green) matorral, and maintaining high relative 
values in the xeric formations of montane matorral 
and open shrublands. 

(b) Isopoda and Diplopoda have maximum den- 
sity in the hygrophilous forests, their respective 
abundance alternating in the different types of 
hygrophilous forests (and also, within the fog 
forests, in different localities). They play a similar 
(and sometimes competing) róle as large decom- 
posers. In more xeric formations (sclerophyllous 
forest and matorral), the small and hairy 
Pselaphognata (Polyxenidae) are dominant among 
the Diplopoda. 

(c) The Collembola, including the Symphypleona, 
have a relatively high density only in the riparian 
forests. In general, they have low abundance in the 
true mediterranean formations of central Chile, as 
compared with the populations of mites. The ratio 
mites: Collembola, which is sometimes said to be 
2:1 in normal situations, is much higher in these 
Chilean soils. 

(d) The psocids (Psocoptera) also reach pro- 
gressively their highest density in the sclerophyllous 
matorral. They are relatively well represented in the 
shrublands with drought-deciduous and succulent 
plants. The Psocoptera fauna constitutes one of the 
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most typical features of the Chilean matorral. not 
only because of the abundance of individuals and 
the high species diversity, but also for its great 
biogeographical and ecological originality. Several 
new genera have been described, among them 
two genera of the subfamily Electrentominae 
(Amphientomidae) which was known before only 
as fossils in the Baltic amber (Badonnel, 1967); they 
were probably able to survive because of their 
adaptations (apterism, neoteny) to the soil habitat. 

(e) The Protura, a strictly hygrophilous group 
which in hygrophilous forests inhabit mainly the 
litter and humus layers, also occur in xeric eco- 
systems, but there they occupy deeper soil strata. 

(f) The endogeous beetles (Coleoptera Staphy- 
linidae, Pselaphidae and Scydmaenidae), most of 
them of Paleoantarctic origin, are particularly 
abundant in the fog hygrophilous forests and in 
the deciduous forest — that is to say, in the 
formations having the greatest affinities with the 
austral Valdivian forests. They are also present, 
however, in the sclerophyllous forest and in some 
dense matorral. 

(2) The soil fauna of the sclerophyllous, primarily 
evergreen, matorral is characterized particularly by 
a high density of Prostigmata, which are at least 
equal to the populations of Oribatei, and by the 
abundance of Pseudoscorpionida, Psocoptera and 
Thysanoptera. The populations of Collembola, and 
particularly of Symphypleona, are very low, at least 
when only the individuals in an active state are 
considered. 

(h) The matorral soil fauna shows the greatest 
physiognomic resemblance and species similarity 
with that of the sclerophyllous forests, while affin- 
ities are low with the fauna of the Acacia—Prosopis 
savannas. The fauna of the open shrublands is a 
very impoverished one and contains several more 
xerophilous elements, but still keeps affinities with 
that of the matorral. 

(i) In general terms, the soil fauna of the Chilean 
matorral belongs to the forest-type group (which 
embraces the first five formations of Table 24.1 and 
Fig. 24.1), while that of the neighboring mediter- 
ranean savannas (with relative abundance of 
Gamasides, Oribatei and Collembola) is closer to 
the grassland type. 
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Comparison with man-manipulated ecosystems in 
Chile 


In the neighborhood of the sites where the 
surveys described above have been carried out, 
systematic sampling has been undertaken of the soil 
fauna of man-manipulated ecosystems along anthro- 
pogenic gradients (Di Castri, 1973b), in order to 
understand the trend of the modifications induced 
by man's activities, taking a "natural" situation asa 
benchmark for comparisons. 

The results are presented on the right-hand side 
of Fig. 24.1 and Table 24.1. They refer to monocul- 
ture plantations of Eucalyptus globulus ssp. globulus 
(EP) and Pinus radiata ( PP); to wheat crops grown 
using the dry-farming practice called in Chile secano 
(DC); to fields under irrigation (/C) with a variety 
of crops (mostly corn and lucerne): and to irrigated 
artificial pastures (JP) of lucerne ( Medicago sativa) 
and clover (Trifolium) bordered by rows of Populus 
and grazed by cattle (some animals inhabiting the 
Populus litter or colonizing cow dung are thus also 
included here). 

The type of modifications of the animal com- 
munities in the agricultural soils, as compared with 
the natural ones under mediterranean climate, have 
been reviewed and discussed by Di Castri (1963c, 
1966, 1968) and Di Castri and Covarrubias (1966). 
As shown in Fig. 24.1, species diversity is lower than 
in any natural formation, but density is sometimes 
very high. It is under man-manipulated situations, 
and particularly in fields under irrigation practices, 
that a contraposition often occurs between decreas- 
ing species diversity and increasing density. The 
decrease of species diversity is not always due to a 
reduction in the number of species (sometimes there 
is even an augmentation), but rather to a “distor- 
tion” of the equitability component of species 
diversity (Lloyd and Ghelardi, 1964), a few species 
becoming extremely abundant in relation to the 
others. The indices used to measure the species 
diversity take into account the equitability compo- 
nent, their values thus decreasing when the distri- 
bution among species is less "equitable". 

It is of particular interest to study the soil fauna 
under the plantations, since these tree species 
originate from regions which also have a mediter- 
ranean climate, namely Pinus radiata from 
California (with a patchy distribution from latitude 
35 30° to 37 N centered in Monterey). and 
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Eucalyptus globulus ssp. globulus from southern 
Australia [but subspecies of Eucalyptus globulus are 
also found in Australia in regions with a slight 
summer maximum of rainfall (Turnbull and Pryor. 
1978)]. Both species have been widely distributed by 
man. the areas of introduction including some 
under other climatic conditions. such as Eucalyptus 
globulus in the tropics (but at high altitudes), and 
Pinus radiata in New Zealand and the very rainy 
Valdivian zone of southern Chile. In this respect, 
Eucalyptus globulus would be an exception among 
the eucalypts, since, as pointed out by Turnbull 
and Pryor (1978), “the transfer of species from 
winter-rainfall areas to summer-rainfall areas is 
usually unsuccessful”, while “there are numerous 
examples of the successful transfer of species from 
summer-rainfall areas to winter-rainfall areas”. 
Incidentally, this fact seems to provide indirect 
evidence that: (a) the adaptation of eucalypts to the 
new winter-rainfall conditions when the mediter- 
ranean climate appeared in Australia (see Specht, 
1979; Di Castri, Chapter 1, this volume) would not 
have constituted a major problem, and (b) several 
species of eucalypts have now developed features 
specializing them for the winter-rainfall mediter- 
ranean environment. 

When comparing the two types of sclerophyllous 
forests in the central zone of Chile at latitude 33°S, 
the autochthonous formation (a natural forest with 
Cryptocarya alba and Peumus boldus) and the exotic 
one (the fast-growing Eucalyptus plantation), it is 
noticed that the overall density of soil animals and 
also the gross physiognomic aspect of the soil 
communities are very similar. On the other hand, 
species diversity decreases very sharply in the 
Eucalyptus plantation. This is not due primarily to 
the diminution of the number of species (from 94 in 
the natural forest to NU in the Eucalyptus plan- 
tation), but mainly to the enormous increase, under 
Eucalyptus, in the abundance of two species of 
Oribatei and two of Collembola Poduromorpha (all 
present also in the “natural” soil), thus altering the 
equitability among species. The values of redun- 
dance (to a certain extent the opposite of equita- 
bility) increase from 0.24 in natural forest to more 
than double (0.53) in the Eucalyprus forest: these 
values are the highest recorded to date in the 
mediterranean ecosystems of Chile (Di Castri, 
1973b). 

From the viewpoint of soil microbiology too, 
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there are several similarities between the two forests, 
particularly in the number of Actinomycetes and 
of aerobic bacteria. The numbers of anaerobic 
bacteria decrease slightly in the Eucalyptus forest, 
but the anaerobic Clostridium remains as the prin- 
cipal nitrogen fixer, while Azotobacter is absent in 
both natural and man-made situations; denitrifi- 
cation is very rapid in both forests. Only the number 
of soil fungi falls very markedly under Eucalyptus. 
In soils of Morocco under plantations of Eucalyptus 
camaldulensis and E. gomphocephala, Pochon et al. 
(1959) noted the absence of Clostridium and a very 
strong mineralization of organic matter with little 
production of humus. 

Drastic changes happen, on the other hand, in 
the biological conditions of the soil under Pinus 
radiata plantations, in spite of the fact that they 
were at no more than 100m distance from the 
natural formations and the Eucalyptus plantations. 
The species diversity of soil animals is the lowest of 
those depicted in Fig. 24.1; the number of indi- 
viduals of soil animals decreases by a factor of 
seven, the number of species is halved, and the 
number of aerobic bacteria is only one-fifteenth of 
that in the natural situation. Only the numbers 
of Actinomycetes and anaerobic bacteria remain 
almost unchanged (G. Franz, 1968, unpublished 
data), and the numbers of soil fungi increase (to 
almost three times those found under the Eucalyptus 
plantation). Denitrification becomes very slow. 

It is suggestive that in the central zone of Chile, 
unlike the Mediterranean Basin areas, there are no 
native conifer formations, with the exception of 
some very isolated stands of Austrocedrus chilensis 
in the high Cordillera (Schlegel, 1962). It seems that 
these Chilean mediterranean soils were not adapted, 
from a biological point of view, to developing a 
coniferous plant cover without dramatic structural 
and functional changes. 

South of this region, in the subhumid and humid 
mediterranean-climate zones, the differences in soil 
zoology between plantations of Eucalyptus and of 
Pinus radiata are much less marked, but still with 
more favorable conditions for the soil fauna under 
Eucalyptus (Montero and Christen, 1974). In the 
rainy Valdivian region. some plantations of Pinus 
radiata. in spite of the further acidification of soil, 
show values of animal species diversity almost as 
high as those of the natural formations (Saiz and Di 

astri, 1971). Therefore, the biological status of the 
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soil under Pinus radiata plantations seems to im- 
prove towards the moister (but still temperate) parts 
of the latitudinal gradient. This is in accordance 
with the forestry productivity of these plantations, 
whose maximum in Chile occurs in the regions with 
a perhumid mediterranean climate or a rainy 
oceanic climate with the rainfall peak still in the 
winter. In these regions, growth of Pinus radiata is 
extremely rapid, attaining in favorable situations 
45 m? ha"! yr! — that is, ten times more than 
the native formation (values in the native forest 
of the same region of Chile are only 3 to 4 m3), and 
certainly much more than in the area of natural 
distribution of Pinus radiata in California (Matte, 
1971). 

As regards the other man-manipulated eco- 
systems (DC, JC and JP in Fig. 24.1), the dry-land 
wheat fields have a soil fauna which resembles that 
of the xeric open shrublands in species diversity, 
number of individuals and faunistic similarity. The 
numbers of Acaridiae mites increase as in all arable 
lands of the central zone of Chile (Di Castri, 1963c), 
and the Thysanoptera are particularly abundant in 
the superficial layer of wheat straw. 

A complete disarrangement of the previous com- 
munity structure occurs, on the contrary, in the soil 
of fields under irrigation, particularly when irri- 
gation practices are somewhat equivalent to per- 
iodic floods, as the so-called riego tendido (flood 
irrigation) of the pastures. The major changes, as 
compared with the natural situation, are the follow- 
ing: 

(a) A great decrease in species diversity, due to the 
elimination of numerous humicolous species (living 
in humus and litter), and to a great increase in the 
population density of a few species of Acaridiae 
mites. springtails (Collémbola) and, to a lesser 
extent, Gamasides mites. 

(b) Generally high and very variable total density 
of soil animals. Data given in Table 24.1 represent 
an average, and densities of 13500 specimens or 
more per dm? of soil have been recorded in the 
mediterranean region (Di Castri and Covarrubias, 
1965); the absolute maximum of animal density in 
Chilean soils (40304 specimens in 1 dm? soil) 
occurred in an irrigated grassland in the Norte 
Grande, Atacama Desert (Di Castri, 1963c). 

(c) Almost complete disappearance of groups 
such as pseudoscorpions and Uropodina mites 
(very sensitive to human intervention, and/or 
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linked to the presence of particular types of humus). 
and of the strictly edaphic (eu-edaphic) beetles 
(Staphylinidae Leptotyphlinae, Pselaphidae) which 
are unable to endure anaerobic conditions during 
irrigation. 

(d) Frequent vertical migrations in the soil profile 
of hygrophilous aerobic groups such as the 
Pauropoda and particularly the Protura, following 
the irrigation rhythms, and in accordance with the 
excess or the deficit of soil moisture. Even the very 
rare group of Palpigrada has been found at great 
depth in the irrigated fields of central Chile 
(Eukoenenia mirabilis, Condé, 1974). 

(e) Decrease of the ratio predator:consumer 
species according to the Volterra-D' Ancona laws 
(Di Castri, 1963c). 

(f) Very strong decrease of the ratio 
Oribatei:Acaridiae mites, which has been proposed 
by Di Castri (1963c) as a good index for measuring 
the degree of human intervention in soils of the 
mediterranean zone of Chile. The ratio is about 6 to 
7 in the natural formations (up to 32 in the fog 
hygrophilous forest), decreases to about 3 when 
man's impact becomes greater as in the Acacia 
savanna and in the scattered shrublands, and falls 
below 1 in the arable lands (0.9 in the dry fields and 
even less than 0.1 in the irrigated fields). 

In the perarid mediterranean zone (see Di Castri, 
Chapter 1), the effects of irrigation are different, 
since it acts on sandy desertic soils which were 
almost completely azoic before the irrigation prac- 
tices began. Density and species diversity regularly 
increase as the number of years of irrigation be- 
comes greater, but the values reached are still very 
low. During the first years of irrigation soils are 
colonized mainly by phytophagous and sapro- 
phagous species of arthropods. but in the following 
years predatory species appear (Di Castri and 
Vitali-di Castri, 1971). 

In the subhumid mediterranean region, Montero 
and Christen (1974) undertook similar research on 
the soil fauna of cultivated fields with comparable 
resulis to those discussed above. Wheat fields 
represent relatively little modified conditions, fol- 
lowed by vineyards and fruit plantations, some 
annual crops such as sugar beet and sunflowers 
(where pesticides have a depressing effect on the soil 
fauna), and finally rice fields where the lowest values 
of species diversity and density of all the agricul- 
tural soils of Chile have been found: in this crop. the 


SOIL FAUNA 


effect of pesticides is associated with long flooding 
periods. 


Comparison with other mediterranean-climate 
regions 


Comparisons between Chile and the other re- 
gions of the world with a mediterranean climate, as 
regards the soil fauna, are admittedly very arduous, 
and not only for the three main reasons evoked in 
the first part of this chapter (lack of taxonomic 
knowledge, differences in methods of extraction, 
differences in approaches). In fact, with the excep- 
tion of Chile. surveys on the structure of soil animal 
communities have not been conducted in a compre- 
hensive way so as to cover all ecosystem types (both 
natural and man-modified) and most of the animal 
groups. in a multiplicity of sites and ecological 
situations. 

The inter-regional comparisons made in this 
chapter. therefore, will be mostly confined to the 
results of investigations from the few sites where 
intensive research has been carried out during some 
months or in an annual cycle. On the other hand, 
long-range investigations in Chile on soil fauna 
have demonstrated how great is the inter-site hete- 
rogeneity, even within a given region, and how 
important are the differences between successive 
years, because of the mosaic-like variety of micro- 
habitats in the mediterranean landscape and of the 
seasonal and inter-annual variability of the mediter- 
ranean climate. These limitations must be kept in 
mind when considering the conclusions drawn from 
these comparisons. 

The comparisons are based on a number ot 
publications which have been selected mainly on 
account of the degree of comparability with the 
research carried out in Chile, as regards methods 
and animal groups. Taxonomic or primarily auto- 
ecological investigations are not included in the 
following bibliographical review. For the Mediter- 
ranean Basin region, mention should be made of the 
publications of Di Castri (1960, 1963c), Cassagneau 
(1961). Di Castri and Astudillo (1965, 1966b). Lions 
(1966, 1975, 1977). Marcuzzi (1966. 1968), 
Marcuzzi and Di Castri (1967). Marcuzzi et al. 
(1970). Poinsot-Balaguer (1971. 1976a). Marcuzzi 
and Dalla Venezia (1972). Bigot and Bodot (1972), 
Alicata et al. (1972, 1973), Motta and Petraha 
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(1973). and Vannier (in Lossaint and Rapp. 1978). 
some of them dealing with the northern limits of the 
mediterranean climate: for California, to Wallwork 
(1972) which includes sites with a non-mediter- 
ranean climate, and Di Castri (1973b, and un- 
published data); for South Africa, to Lawrence 
(1953), Olivier and Ryke (1965), Den Heyer and 
Ryke (1966), Loots and Ryke (1966, 1967) and Van 
den Berg and Ryke (1968). though most research 
refers to summer-rainfall localities: for Australia, to 
Wood (1970, 1971) whose investigations deal mostly 
with desert sites, Greenslade and Greenslade (1973), 
Greenslade (1974, 1975) and Edmonds and Specht 
(1980). 

In general terms, the structural patterns of soil 
animal communities which, at the present state of 
knowledge, seem to be common to all the five 
regions with a mediterranean climate are the 
following: 

(1) As regards the phenology. the seasonal peak 
of density is in the winter (Wood, 1971; Alicata et 
al., 1973), or more frequently there are two peaks 
(Marcuzzi, 1968; Wallwork, 1972; Edmonds and 
Specht, 1980), one in spring and the other in autumn 
(or in winter). with a minimum in summer. For 
instance, only a few species of mites have their 
maximum density in the summer (Alicata et al., 
1973). It is interesting to note that the maximum of 
population density is also typically in winter in some 
regions of South Africa where rainfall is con- 
centrated in the summer (Van den Berg and Ryke, 
1968). In this respect, it could be postulated that the 
transition from tropical conditions to the mediter- 
ranean climate in the Pleistocene (Axelrod, 1973) 
might not have implied dramatic changes in the 
phenological adaptations of the soil fauna. Only a 
slight seasonality of the total density of soil meso- 
fauna has been observed by Ghabbour (1979) in 
very arid ecosystems of northern Egypt; this is 
mainly due to the fact that, while some species 
persist all the year round (with fluctuation of their 
density). other taxa appear only in one or two 
consecutive seasons and are replaced by other 
species when they disappear. Accordingly. the sum 
of species having different seasonal rhythms may 
well hide the phenomenon of seasonality when the 
overall soil mesofauna is considered. 

(2) During the summer drought. a number of soil 
animal groups and species remain active although 
their density decreases, but several others survive in 
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an inactive state by entering into aestivation (Di 
Castri, 1973c; Edmonds and Specht, 1980). 
Protozoa, rotifers and nematodes encyst; some 
earthworms move downwards into the subsoil 
(Edmonds and Specht, 1980) and there aestivate: 
some Collembola of the genus Sphaeridia, and 
probably of several other genera, seem to pass most 
of the summer as desiccation-resistant eggs 
(Poinsot-Balaguer, 1976a). A most interesting and 
peculiar type of aestivation is that described by 
Poinsot-Balaguer (1971, 1974, 1976a) in southern 
France and Tunisia, and by Wood (1971), 
Greenslade and Greenslade (1973) and Greenslade 
(1974, 1975) in southern Australia: among the 
Collembola, some species of the genera Folsomides 
(F. variabilis in the Mediterranean Basin, F. de- 
serticola and F. sexophthalma in Australia) and 
Brachystomella are able to overcome the dry season 
as adults in an inactive state of anhydrobiosis. Even 
occasional summer showers, which occur in south- 
ern Australia as well as in the French Provence, 
can re-activate these aestivating adults (Greenslade. 
1974, 1975). Heavier effective rains seem to be 
necessary for stimulating the eclosion of Sphaeridia 
eggs and then the reproductive processes of these 
Collembola in a very short life cycle (Greenslade, 
1975). Similar results can be obtained in the labo- 
ratory by moistening the soil samples (Poinsot- 
Balaguer, 1976a). It is not known to what extent this 
phenomenon occurs also in the other mediter- 
ranean-climate regions, since the methods of extrac- 
tion which permit one to collect or to re-activate 
dormant forms (flotation processes or extraction by 
Berlese-Tullgren after moistening the samples) 
have not been widely applied in these regions. It 
would be certainly worth undertaking this line of 
research in the arid and mediterranean zones of 
Chile and California. 

(3) Soil animal populations are not randomly 
distributed, but usually occur in aggregates (Di 
Castri and Astudillo, 1965, 1966b: Astudillo et al., 
1966: Den Heyer and Ryke, 1966: Alicata et al., 
1973), the degree of aggregation increasing in 
accordance with the population density. This 
phenomenon does not seem to be peculiar to 
mediterranean soil fauna. but it is probably accen- 
tuated in the mediterranean environment because 
of its greater heterogeneity. 

(4) The density of Prostigmata mites increases 
towards the xeric parts of the environmental gra- 
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dients, and in dry formations exceeds the density of 
Oribatei mites (Di Castri, 1963b: Van den Berg and 
Ryke, 1968; Wood, 1971). On the other hand, 
Oribatei dominate in forest soils with a high con- 
tent of organic matter. Accordingly, Covarrubias 
et al. (1964) proposed an index or ratio 
Oribatei:Prostigmata, largely equivalent to 
Oribatei:Trombidiformes (Loots and Ryke, 1967) 
or Cryptostigmata:Prostigmata (Wallwork, 1976); 
this ratio characterizes the degree of xerophily of 
the acarofauna (and in general of the soil animal 
community) ofa given soil. For instance, in Chilean 
soils with a mediterranean climate (see Table 24.1), 
this ratio decreases from 25 in the hygrophilous 
forest, to 3.2 in the deciduous forest, 1.4 in the 
sclerophyllous forest, 0.9 in the sclerophyllous 
matorral, 0.6 in the open coastal shrubland and 
only 0.15 in the montane matorral. Loots and Ryke 
(1967) demonstrated for South African soils that 
the variations of the values of this ratio are directly 
correlated with the soil organic matter content, and 
that “soil water content as such is not always the 
most important factor in determining the com- 
position of the acarofauna”. This is totally in 
agreement with what has been stated here about 
Chilean soils, and with the results of Di Castri and 
Astudillo (1966b) for Italian soils. 

(5) Among the dominant groups, mites are nor- 
mally more abundant than springtails (Collembola) 
in the mediterranean soils, in a proportion exceed- 
ing the ratio 2:1 which seems to prevail in temperate 
soils (Marcuzzi and Dalla Venezia, 1972). The 
exception seems to be Australia, where the occur- 
rence of large populations of Collembola (mostly 
Isotomidae and Poduroidea) has been indicated not 
only in shrublands (Greenslade, 1975), but also in 
deserts (Wood, 1970, 1971), sometimes equalling or 
outnumbering the populations of mites; however, it 
is difficult to evaluate to what extent the different 
methods of collection (flotation, extraction from 
dry or moistened samples) are responsible for these 
dissimilarities. At the other extreme, it seems that 
the average density of Collembola is lower in Chile 
than in any other mediterranean-climate region. In 
any case, Collembola react much more quickly than 
mites, through important fluctuations of their 
population density (dying or aestivating in unfavor- 
able situations, initiating rapid reproduction pro- 
cesses in favorable situations), to environmental 
changes and particularly to changes in soil moisture 
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(Di Castri and Astudillo. 1966b). It seems that. in a 
comparative way and taking into account the 
relativity of these concepts (see Pianka, 1970), most 
species of Collembola have an evolutionary position 
close to the r-selection type, while some species of 
mites (mostly of Uropodina and Oribatei) approach 
a K-selection type, with slower development and 
more stable populations. 

(6) Very frequent vertical migrations of soil 
animals take place between the litter and the deeper 
soil in response to changes of soil moisture, follow- 
ing the occurrence of rainfall and drought periods 
(Alicata et al., 1973; Di Castri, 1973b; Motta and 
Petralia, 1973). Ghabbour (1979) found that, even 
at the most arid margins of the mediterranean 
climate in northern Egypt. the deeper soil layers (at 
50 cm) present a relative humidity of 100°, for most 
of the year; the available water at depth provides 
mobile soil animals with a refuge when adverse 
conditions prevail in the topsoil. Methodologically. 
this implies, in a mediterranean environment, that 
studying only the superficial soil layers would lead 
to incomplete results and to incorrect conclusions; 
in general, systematic sampling at least to 30 cm 
depth would be advisable, since some groups 
(Protura, Japygoidea, some Gamasides, some small 
endogeous beetles) are found only at such depths 
during the drought period (Covarrubias et al., 
1964). 

(7) As regards stratification, the greatest density 
under sclerophyllous formations is sometimes 
found in the litter (Alicata et al., 1973), sometimes in 
the underlying humus layer (Lions, 1966); obvi- 
ously. the patterns of stratification vary with the 
vertical migrations of soil animals. Species diversity 
is usually higher in the humus than in the litter, and 
shows greater seasonal fluctuations in the litter 
than at depth: at least the equitability component 
of species diversity increases towards the deeper 
horizons (Lions. 1977). 

(8) The content of organic matter in soil and the 
water availability in soil have both been evoked in 
this chapter. through different quotations, as the 
key ecological factors controlling the dynamics 
of soil animal populations under mediterranean 
climates. As already stated. these two factors are 
interconnected to a certain extent, and their relative 
importance depends somewhat on the different 
perspectives of the investigators. In synthesis. the 
varying content of organic matter in soil. from site 
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to site. is primarily responsible for the differences in 
species distribution, species diversity and com- 
munity structure of the soil fauna. The seasonal 
changes in water availability. on the other hand, are 
the chief factor in inducing population changes 
(population outbreak or decline, vertical migra- 
tions) within a given site. Usually, increasing soil 
moisture stimulates the population densities very 
positively (specially of Collembola), but an excess of 
water in clay soils poor in humus lowers the species 
diversity and often the density, especially of mites 
(Di Castri and Astudillo, 1966b; Lions, 1977). In 
studying the soil fauna under Quercus ilex in south- 
ern France, Vannier (in Lossaint and Rapp, 1978) 
postulates the "independence" of Oribatei mites 
and Collembola (Isotomidae and Poduromorpha) 
vis-à-vis the water variations in soil. Though this 
statement may be applicable to the favorable con- 
ditions of the research site (a forest at the northern 
limit of the mediterranean climate) and of the year 
of sampling (the wilting point occurred only on one 
day during that year), it cannot be generalized to 
other types of mediterranean soils and climates. On 
the other hand, Vannier points out very rightly that 
what is of importance to the soil invertebrates is 
not the absolute amount of water in the soil, but its 
availability, expressed as pF — the "water accessi- 
bility” according to Vannier (1970). “The animals 
are only affected by the desiccation of their sub- 
strate beyond a critical threshold of the humidity 
level, which is constant for each group of species. 
This critical threshold testifies, itp the force of 
retention which is exerted by-dry matter on water, 
and which the animal is eventually unable to 
overcome” (Vannier, 1970, p. 247). This threshold 
is generally situated around the permanent wilting 
point (pF 4.2). and the Collembola seem to be more 
sensitive to a decrease in the water availability in 
soil than most of the mites (Di Castri and Astudillo, 
1966b; Vannier, 1970). 

For the following aspects, the interpretation of 
results is more controversial, or the scantiness of 
available information does not permit reliable 
generalizations: 

(a) As regards levels of species diversity, some 
comparable data exist for California and Chile (Di 
Castri, 1973b). Species diversity at the site level (x 
diversity) seems to be slightly higher in Chile, while 
the number of species is greater in California. This 
apparent contradiction is due to the fact that the 
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equitability among species is higher in Chile, and 
that redundance (great abundance of few species) is 
more marked in California than in Chile. However, 
when considering the accumulated diversity (some- 
what equivalent to the fi diversity), the differences 
between these two regions decrease, and at the level 
of maximum diversity (Di Castri, 1973b) the values 
are almost identical. 

(b) Density is a much less stable parameter; in 
addition, some authors express it in units of volume, 
others in terms of area. 

Two inter-regional studies comparing Italy and 
Chile on the one hand (Di Castri, 1963c), and Chile 
and California on the other (Di Castri, 1973b), seem 
to support the impression that density of soil 
animals is generally lower in Chile than in the two 
mediterranean-climate zones of the Northern 
Hemisphere. As a rule, density in all the arid 
mediterranean ecosystems is lower than in the 
neighboring more humid and temperate zones with 
forested soils, as for instance at the poleward 
margins of the mediterranean climates. 

(c) The psocids do not seem to have as important 
and peculiar a róle in the maquis formations of the 
Mediterranean Basin (Marcuzzi, 1968) as that 
which they play in the Chilean matorral. Some 
research on this group has been carried out in 
southern France (Guillaumont, 1977). It is interest- 
ing to note that, in a mediterranean formation of 
southern France experimentally submitted to 
chronic gamma irradiation, an enormous demo- 
graphic outbreak of psocids has been observed 
(Bigot et al., 1973; Poinsot-Balaguer, 1975a, 1976b), 
due perhaps to the proliferation of terrestrial algae 
(some of the psocids are algophagous, others sa- 
prophagous) and/or to the elimination of their 
predators, parasites and competitors. 

(d) Among other physiognomic differences, it can 
be underlined that Protura are apparently more 
abundant in the mediterranean regions of the 
Northern Hemisphere than in Chile (Di Castri, 
1963c), and that the Copepoda adapted to a ter- 
restrial life are more frequent in Australia (Wood, 
1970, 1971) and in Chile (Lóffler, 1966) than in the 
mediterranean soils of the Northern Hemisphere. 

(e) The soil fauna under coniferous formations. 
such as Pinus halepensis in Italy (Marcuzzi, 1968), 
has in general a lower density and diversity than 
under sclerophyllous shrublands. 

(£f) Near the brackish mediterranean wetlands of 
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southern France. the populations of soil fauna 
(mostly Collembola) are concentrated on biotopes 
protected from the rise of temporary waters 
(Poinsot-Balaguer, 1975b). When the water level 
retreats, they colonize the empty areas, but they are 
limited by the varying salt content in soil, even 
where the soil-moisture levels would be in accor- 
dance with their ecological preferences. 

(g) The number of species and individuals of soil 
animals can decrease with elevation as in ltaly 
(Marcuzzi, 1966), or increase (together with the 
plant diversity) as in the coastal mountains of 
central Chile. 

(h) At the present state of knowledge, no com- 
parisons can be made as regards the biomass and 
the productivity of soil animals in mediterranean- 
climate zones. 

The greatest differences between mediterranean 
faunas seem to refer particularly to the Australian 
fauna. The abundance of Collembola, even in des- 
ertic areas (with dominance of Folsomides deserti- 
cola), is a very striking feature, as well as the 
relatively high density of Crustacea Copepoda and 
Cladocera (Wood, 1970). However. some of the 
differences can, to a considerable extent, be ascribed 
to the extraction method by flotation adopted by 
Wood (1970, 1971). This method, unlike extraction 
of unwetted samples by the Berlese-Tullgren 
method, allows dormant specimens, in an inactive 
state because of the drought, also to be collected. 
Similarly, some Collembola, such as Sphaeridia 
spp.. which cannot be obtained by the usual dry 
extraction by means of Berlese-Tullgren funnels, 
appear in the collections (initially immature, and 
after 3 to 5 days adult specimens) when samples 
are thoroughly moistened before extraction 
(Greenslade, 1975). 

Another peculiarity of the southern Australian 
Áauna deals with the scarcity of true endogeous 
(eu-edaphic) beetles, such as those collected so 
frequently in the soils of the other mediterranean- 
climate regions (Coiffait, 1962, 1964, 1970; Sáiz, 
1973). Perhaps these beetles have not been searched 
for systematically, but it is likely that the flatter. 
nutrient-poor and sometimes podzolized Australian 
soils are not suitable for these very old and strictly 
specialized soil species, particularly if the Australian 
soils have been submitted to extensive flooding and 
waterlogging in geological times. 

Finally. as regards the soils of southern Australia, 
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it would be of the greatest interest to undertake 
compurative research on the soil fauna and micro- 
flora existing in oligotrophic and relatively richer 
soils, which support respectively heathlands and 
sclerophyllous shrubland vegetation under the same 
mediterranean-climate conditions (Specht, 1979). 
For instance, the soil fauna of the heathlands of 
southern Australia described by Edmonds and 
Specht (1980) shows apparently much greater simi- 
larities with the soil fauna of the Chilean matorral, 
which has a similar climate but richer soils, than 
with the soil fauna of the temperate heathlands of 
Europe (Wallwork, 1976), which have a very differ- 
ent climate but more comparable soil conditions. 
In particular, the rhythm of litter decomposition 
with maxima in spring and autumn is the same 
in South Australia and Chile, and the ratio 
Oribatei:Prostigmata is identical (0.9) in soil sam- 
ples from the Australian heathland and the Chilean 
matorral. 

In conclusion, and in spite of the paragraph 
above, convergences among the soil fauna of the 
five regions of the world with a mediterranean 
climate are less evident than those found in the 
vegetation and some animal groups such as birds 
and lizards (Di Castri and Mooney, 1973: Mooney, 
1977; Cody and Mooney, 1978). This is not surpris- 
ing when one considers that the soil fauna is very old 
and “conservative” in geological terms, and that the 
deep soil environment has a number of “filters” 
(vegetation, litter, and humus layer) dampening the 
effects of the present-day seasonal climate (Di 
Castri, 1973a), 


Soil microfauna, soil macrofauna and epigeal 
fauna 


The previous sections of this chapter have dealt 
almost exclusively with the soil animals. extracted 
chiefly by means of Berlese-Tullgren funnels, which 
are conventionally called the soil mesofauna. It is 
the only faunistic component of the soil for which 
comparable investigations at the community level 
are now available for the five regions with a 
mediterranean climate. 

As already mentioned. several other animal 
groups exist in soil: those belonging io the soil 
"water" microfauna (the soil aquatic animals such 
as protozoans, rotifers. tardigrades. nematodes). 
smaller but far more numerous than the mesofauna 
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as regards overall density: and the larger animals 
(soil macrofauna and megafauna). some of them 
living almost constantly in the soil environment 
such as the earthworms, other colonizing the soil 
only during a part of their life cycle (such as the 
larvae of large beetles and of Lepidoptera), or 
moving from the soil to the ground surface and vice 
versa such as the millipedes, centipedes, woodlice 
and several families of beetles, as well as some social 
insects (termites, ants). The so-called epigeal (or 
epigeous) fauna — that is, the animals of the ground 
surface which are usually collected by means of 
pitfall traps [for methods of capture. see Balogh 
(1958) and Le Berre (1969)]. has too many groups 
(and species) in common with the soil macrofauna 
to be considered in isolation. 

The following remarks, which are by no means 
intended to treat these groups exhaustively, can be 
made: 

(1) The soil ^water" animals are very common 
and numerous in mediterranean soils, including 
those of the arid mediterranean regions, since they 
are able to survive the summer drought in an 
encysted state. They have in general a very wide 
distribution (within a given region and among 
regions), because the cysts can be easily dispersed by 
winds or accidentally transported by man in dry soil 
and dust. In spite of this, the Testacea (Protozoa) 
are good ecological indicators of soil conditions 
(Bonnet, 1959, 1964; Bamforth, 1971; Couteaux, 
1975), and their distribution in several Chilean 
ecosystems has been discussed by Bonnet (1966). 
Several species of tardigrades also have a very 
restricted. distribution (Ramazzotti, 1962a) and 
provide important information from a biogeo- 
graphical viewpoint; most of them inhabit mosses 
and lichens, but there are also soil-living species; in a 
survey of the Chilean tardigrade fauna a of 
new species have been described (Ramazzotti, 
1962b, 1964a, b, 1965). Nematodes are present in 
Chile in all mediterranean formations, including the 
more arid and scattered shrublands; their density 
increases in irrigated fields (Covarrubias et al., 
1964). where they sometimes cause serious damage 
to the crops. 

(2) The earthworms are the most important 
group of soil animals from a functional viewpoint, 
since they constitute most of the soil fauna biomass 
and are extremely active in litter ingestion and 
degradation. as well as in the soil aeration and in the 
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redistribution of organic matter through the soil 
profile, thanks to their deep vertical migrations. The 
biomass of earthworms in some mediterranean soils 
of France has been measured by Bouché (1975), 
who stressed the activity of a giant species 
(Scherotheca monspessulensis) in the ingestion of 
coriaceous leaves of Quercus ilex and other sclero- 
phyllous plants; “epigeous” species of earthworms 
seem to be absent in these soils. According to 
Bouche (1975), the planting of conifers depresses 
the activity and migrations of earthworms. For 
South Australian species of Megascolecidae, ex- 
cretory adaptations favoring water conservation 
during the dry season have been described by 
Jamieson (1974). 

(3) Termites are present in all mediterranean- 
climate regions, but their importance is much lower 
than in tropical ecosystems. The róle of 
Nasutitermes exitiosus in the cycling of organic 
matter in mediterranean-climate formations of 
South Australia has been studied by Lee and Wood 
(1968). Di Castri (1970, unpublished data) noticed 
that termites are more frequent in southern 
California than in central Chile. In general terms, 
the importance of termites in mediterranean-climate 
regions decreases from South Africa and Australia, 
to California, the Mediterranean Basin and Chile, 
as the mediterranean climate becomes more isolated 
from tropical summer-rainfall influences (Di Castri, 
Chapter 1). 

(4) A detailed intercontinental comparison of the 
ant fauna has been carried out between the mediter- 
ranean-climate regions of California and Chile 
(Hunt, 1977). The patterns of distribution of ant 
species along an altitudinal gradient of 2000 m are 
similar in the two regions. In both cases, woodland 
species and species from open and disturbed sites 
are recognizable. However, in California there exist 
ecological types which are not represented 
(honeydew-feeding species) or scarcely represented 
(seed-gatherers) in Chile; this corroborates the 
statement that in general the Chilean fauna and 
flora are less specialized than those of California (Di 
Castri, Chapter 1). In addition, both biomass and 
number of species of ants are clearly higher in 
California than in Chile. 

(5) The ground-surface fauna (epigaion) has been 
extensively studied in mediterranean Chile by 
Noodt et al. (1962) and Saiz (1963a,b), using Barber 
pitfalls (see Balogh. 1958). in some of the same sites 
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and ecosystem types (from the hygrophilous forests 
up to the open shrublands and the montane for- 
mations) where the investigations on the true soil 
fauna discussed earlier in this chapter were per- 
formed. In the matorral and Acacia savanna, there 
are two peaks of animal density for most of the 
groups: the highest peak is in the spring, with a 
secondary one in the autumn. In the hygrophilous 
forests, the seasonal fluctuations of animal density 
are dampened in relation to the other ecosystems. In 
general, the number of species and individuals in the 
Chilean formations is low as compared with the 
results of similar research carried out in temperate 
Europe (Noodt, 1961). Sáiz (1977) compared the 
ground fauna of beetles in California and Chile; 
this fauna is characterized in both regions by the 
dominance of four groups of beetles: Carabidae, 
Curculionidae, Staphylinidae, and Tenebrionidae; 
this last group represents 90% of the biomass of the 
epigeal beetles in the Californian chaparral. much 
less in the Chilean matorral. The Tenebrionidae 
constitute a fundamentally xerophilous group, very 
well represented in all mediterranean regions, as 
well as in the adjacent deserts; Marcuzzi (1951) 
stressed their importance as ecological indicators of 
xeric gradients. Among other xerophilous groups of 
the epigaion in the matorral, Thysanura and 
Solifugae (Kraus, 1966) should be mentioned. 
Among the hygrophilous groups found in the 
mediterranean region of Chile, the terrestrial plana- 
rians (Froehlich, 1967) and the Onychophora are 
the most interesting from a biogeographical view- 
point; both groups have a typically austral distri- 
bution (South America, South Africa, Australasia), 
and are now mainly localized in the moist tropical 
and subtropical forests (Wallwork, 1976). 


Relationships with the soil microtiora 


It would be beyond the scope of this chapter to 
discuss in detail the microflora (bacteria. Actino- 
mycetes, fungi) of soils under mediterranean cli- 
mates. Some of the main microbiological trends 
have been summarized in a preliminary way by 
Schaefer (1973); monographic studies exist for 
Morocco (Sasson, 1967) and Chile (ONU- 
MINAGRI, 1970). 

Most of the microbial populations are found 
around the plant roots in the rhizosphere. The 
seasonal maximum of microbial density in mediter- 
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ranean-climate soils has been recorded in the spring 
by Sasson (1967) in Morocco, in the winter by G. 
Franz (1969, pers. comm.) in northern and central 
Chile. while Schaefer (1973) reports two flushes of 
activity in spring and autumn, with levels of activity 
remaining moderate during the winter. On the other 
hand, Sasson and Daste (1963) described an intrin- 
sic seasonal periodicity, especially of Azotobacter, 
not even modified by irrigation or other cultivation 
practices. All authors agree in finding that the 
minimum microbial activity under mediterranean 
climate is in the summer. During the dry period, 
most microbes adopt adaptive strategies (latent 
state as spores and cysts, greater concentration at 
depth) similar to the aestivation of soil animals; in 
particular, the soil "water" microfauna shares 
several patterns of community dynamics with the 
soil microflora. Microbial density in central Chile 
decreases in cultivated fields as compared with the 
natural situation (Medina, 1967). but irrigation 
practices increase the number of bacteria, especially 
of Azotobacter. The results of surveys carried out by 
Franz in Chile (Franz and Medina, 1968: G. Franz, 
1969, unpublished data) are of particular interest, 
since they refer specifically to some of the research 
sites and ecosystem types whose soil fauna has been 
illustrated in Fig. 24.1 and Table 24.1. 

In the soil of the xeric and scattered shrublands 
and of the dry savannas, there is a clear dominance 
of aerobic sporulated bacteria and of Aspergillus 
spp.. particularly A. fumigatus, A. flavus, A. ustus 
and A. wentii. It must be noted that Loub (1963) 
found A. fumigatus, A. flavus and A. ustus in the 
Sahara. and Ranzoni (1968) isolated A. fumigatus 
and A. wentii from soils of the Sonoran Desert. The 
Actinomycetes are also a very important component 
of the microflora of these xeric Chilean ecosystems. 
Azotobacter is the principal nitrogen fixer. The 
period of maximum microbial activity. including 
cellulolysis and denitrification, occurs a month 
after the first rainfall following the long summer 
drought, and activity remains high throughout the 
winter. 

In the dense forests with a mediterranean humid 
and perhumid climate of southern Chile, the pro- 
portion of anaerobic bacteria increases sharply. 
particularly during the winter. Fungi are abundant, 
with the exception of Aspergillus which is almost 
completely absent, while the Mucoraceae Circinella 
and Zygorhynchus become the characteristic ele- 
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ments among the soil fungi. The genus Penicillium 
occurs in both the arid and the humid ecosystems, 
but is represented by different species. The 
Actinomycetes decrease considerably in compa- 
rison with the more arid zones. Clostridium is the 
main nitrogen fixer, while Azotobacter is found only 
occasionally. 

In the sclerophyllous formations of the central 
zone of Chile, the soil microflora shows inter- 
mediate conditions between that of the more arid 
and the more humid ecosystems. Fungi reach here 
their highest species diversity, being represented by 
a mixture of both xerophilous and hygrophilous 
elements. The aerobic sporulated bacteria decrease 
as compared with the more arid soils, but the 
Actinomycetes retain a very high density. As re- 
gards the nitrogen fixers, Clostridium dominates in 
the soils of sclerophyllous forests, while Azotobacter 
is more abundant in open areas and particularly in 
cultivated fields. In general. the density of soil 
microfiora in the sclerophyllous forests is higher at a 
depth of 25 to 30 cm than in the top 5 cm. 

The transitional position of the central mediter- 
ranean-climate region of Chile, able to retain ele- 
ments from desertic as well as from moist temperate 
zones, in addition to its peculiar species. is therefore 
confirmed also in relation to the soil microflora. 


Relationships with plants 


Most of the previous discussions have dealt with 
soil animal communities in relation to given plant 
formations along environmental gradients. In this 
respect. there is no correlation between the plant 
species diversity of a formation and the species 
diversity and density of the corresponding com- 
munity of soil animals. For instance, the deciduous 
forest dominated by only one species of Vorhojagus 
(see Fig. 24.1 and Table 24.1) has a soil fauna with 
higher species diversity (and also density) than that 
of the sclerophyllous forest where the overstory 
comprises several tree species. The main factors for 
the soil fauna are the plant cover and, above all, the 
amount and the quality of the litter. 

However, at another scale of observation — at 
the level of a research site or of a sequence of 
neighboring sites within the same ecosystem type — 
some correlation between number of species of 
plants and of soil animals can be demonstrated. 
This is illustrated in Fig. 24.2, which refers to a zone 
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of subalpine hills near Vicenza (Italy) at the north- 
ern limits of the mediterranean climate (Di Castri, 
1960). The following conclusions can be drawn: 

(1) The number of species of soil animals largely 
exceeds that of plant species in the above-ground 
subsystem (and the number of soil animal species in 
Fig. 24.2 represents only a part of the community, 
since only the individuals properly identified at a 
known species level are recorded here). The number 
of species of animals at different points up an 
elevation gradient, on both the calcareous and the 
volcanic substrates, is directely correlated with the 
number of plant species present. 

(2) Soil animals seem to be more dependent than 
plants on the geological substrate, and they show a 
higher “fidelity”. Calcareous rocks, deeply frac- 
tured and producing more permeable (and less 
clayey) soils, consistently support a richer soil fauna 
throughout the altitudinal gradient, in spite of 
different degrees of human impact which affect the 
diversity and species composition of plants more 
substantially. The soil subsystem, therefore, seems 
to be more stable in geological and ecological terms 
than the above-ground subsystem. 


A LATITUDINAL GRADIENT OF SOIL ANIMAL 
COMMUNITIES 


The research on the soil fauna carried out by the 
authors and numerous collaborators from 1960 up 
to 1971 was not restricted to the mediterranean- 
climate zone of Chile sensu /ato, but covered also 
areas of the Atacama Desert and of the high Andes 
(Di Castri et al, 1965b; Di Castri and Vitali-di 
Castri, 1971), of Valdivian temperate rain forests 
(Sáiz and Di Castri, 1971), of Pacific Islands (Zeiss. 
1967; Rubio and Hermosilla, 1971) and of 
Magellanic forests and moorlands ( Rubio, 1974), as 
well as tropical forests in Paraguay and Brazil 
(Hermosila et al, 1967), and polar deserts in 
Antarctica (Covarrubias, 1966: Di Castri et al., 
1970). 

This constitutes an almost continuous’ north- 
south gradient of about 7000 km. embracing all 
types of ecosystems (both natural and man- 
modified) and of climatic zones. Some very pre- 
liminary results have been published by Di Castri 
(1969). This latitudinal transect is comparable only 
to that studied in the Soviet Union by Ghilarov and 


F. DI CASTRI AND V. VITALI-DI CASTRI 


, Soil animals 


NUMBER OF SPECIES 


+ + 
300 500 700 900 nm 


volcanic substrate 


— — — calcareous substrate 


Fig. 24.2. Number of species of plants and of soil animals in 
correspondence to two geological substrates and five altitudinal 
steps in Italy. : 


his assistants (see Ghilarov, 1964, 1965), from the 
tundra to the deserts of Central Asia and up to the 
subtropical forests of Transcaucasia. In particular, 
the “rule of the zonal change of strata”, formulated 
by Ghilarov, is fully confirmed by the results of 
research performed along this environmental gra- 
dient from the South American tropics up to 
Antarctica. This rule postulates that the soil-related 
animals change their vertical position in the eco- 
systems, from the suspended soils on branches of 
tropical trees at 5Um height (see Delamare 
Deboutteville, 1951) down to very deep soil, in 
response to different environmental conditions such 
as moisture saturation of the air, soil drainage and 
aeration, seasonal droughts, rigorous winter, etc. 

Within the framework of this volume, it is only 
intended in this chapter to place the soil fauna of 
mediterranean-climate soils within the perspective 
provided by two extreme ecologica] situations, 
those of the tropical and of the antarctic eco- 
systems. Three community features — aggregation, 
diversity and stratification — have been chosen to 
illustrate this latitudinal comparison of soil faunas 
(Figs. 24.3, 24.4 and 24.5). 

Ranges of aggregation values for soil arthropod 
populations (mostly Collembola) in the tropics, in 
the mediterranean-climate region of central Chile 
and in Antarctica are presented in Fig. 24.3. For 
further information on the aggregation of soil 
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Fig. 24.3. Range of aggregation values of soil arthropod 
populations in the tropics (Brazil and Paraguay), in the mediter- 
ranean-climate zone of Chile and in Antarctica (South Shetland 
Islands). 


animal populations, reference is made to Debauche 
(1962), Astudillo et al. (1966), and Vannier and 
Cancela da Fonseca (1966). In the most favorable 
situation, the tropical one, the aggregation values 
are low and stable; the coexistence of small popu- 
lations with limited potentials for expansion is one 
of the main factors permitting the high species 
diversity of the tropical microhabitats. 

In the antarctic ecosystems, on the contrary, the 
soil arthropod populations show enormous fluc- 
tuations of density, “pulsating” from extremely 
high aggregations to a dispersion of individuals, 
which can even lead 10 a random distribution (Di 
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Castri, 1969). They correspond in a most typical 
and extreme way to the conditions of the r-selection 
type, while the populations of the tropics approach 
a K-selection strategy (Pianka. 1970). The mean 
density of soil-related arthropods during the antarc- 
tic summer was found to be 8667 individuals per 
dm? (Di Castri et al., 1970), that is, almost four 
times the density found in the hygrophilous forests 
of central Chile. However, mean densities are 
almost meaningless under such unstable conditions, 
since both the lowest and the highest records of 
density in the whole latitudinal gradient have been 
observed in Antarctica (for instance, densities of 
116764 and 93 674 arthropods per dm? in terrestrial 
algae and mosses, which have no equivalent levels in 
any of the South American samples). 

The situation in the mediterranean sclero- 
phyllous formations, as regards aggregation, is an 
intermediate one, but certainly closer to that in 
tropical forests than in the antarctic ecosystems. 
However, within the same region, great differences 
can be noticed. In the hygrophilous forests of the 
coastal mountains, the range of aggregation values 
rather approach those found in the tropics. In 
irrigated fields, on the other hand, there is a 
“pulsation” of the populations from strong aggre- 
gation to extreme dispersion, which is somewhat 
comparable to the “antarctic” pattern. 

In Fig. 24.4 (presented in a very schematic way), 
diversity and density of soil arthropods are ex- 
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Fig. 24.4. Angles of species diversity of soil animals (determined 
by the lines of the accumulated number of individuals against the 
accumulated number of species) in tropical. mediterranean and 
antarctic areas (same regions as in Fig. 26.3). 
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pressed in an unusual (but simple) way, which can 
be defined as the “angle of species diversity”. Given 
a scale starting at 1, if hypothetically all the 
individuals collected in a series of samples (from a 
site or from a gradient of sites) belong to the same 
species, the angle would be 0°; ifeach new individual 
corresponds to a new different species, the angle 
would be 90°. The antarctic situation, with a small 
angle, approaches the first type (and in fact mono- 
specific samples have sometimes been collected in 
Antarctica); the tropical situation, with a large 
angle, tends towards the second type (but it is a 
biological impossibility that 90° be reached). The 
mediterranean situation (represented here by the 
sclerophyllous formations) is again intermediate, 
and oscillates towards the tropical pattern in com- 
plex and dense plant formations (hygrophilous 
forests) or towards the antarctic pattern in more 
open (semi-deserts) and particularly in man- 
disturbed (irrigated fields) ecosystems. 

As regards the stratification of species diversity 
(Fig. 24.5), the extreme case is represented by the 
antarctic soil fauna, since the very skeletal soils 
prevent a penetration in depth. In the mediter- 
ranean ecosystems, as already explained in the 
introduction of this chapter, the selective forces 
(seasonal drought, permeable soils with good aera- 
tion) induce a colonization towards the depth, thus 
increasing the underground stratification and the 
concavity (or thickness") of the ecosystem (see Di 
Castri, Chapter 1). This trend applies to both the 
soil fauna and the soil microflora; relatively impor- 
tant populations of soil animals and microbes have 
been found in Chile and in the Mediterranean Basin 
at almost 1 m depth, and even more along the roots 
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Fig. 24.5, Patterns of stratification of soil arthropods in tropical. 
mediterranean and antarctic areas (same regions as in F 
Species diversity of soil arthropods (in bits per individual) 
calculated according to Shannon's formula 
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which penetrate into the interstices of fractured 
rocks. 

In wet tropical ecosystems, on the contrary, the 
selective forces (air saturated with moisture under 
the tree canopy. strong development of epiphytes. 
soils nutrient-poor at depth and frequently with 
excess of water and anoxia phenomena) impel the 
hygrophilous and aerobic soil-related animals to 
colonize the upper microhabitats (along the trunks. 
on the branches, in the "epiphytic soils"), thus 
increasing their above-ground stratification and 
therefore the "biological convexity" of the eco- 
system. The maximum of species diversity is in the 
most superficial litter layer, where there exists also a 
very dense rootlet mat (and where most of the bio- 
chemical processes of nutrient cycling take place). 
decreasing very sharply towards the deeper ho- 
rizons. Ecological conditions somewhat similar to 
the tropical ones as regards stratification of the soil 
fauna are found in the hygrophilous temperate and 
cold forests of the Valdivian and Magellanic regions 
of Chile, and even in mediterranean-climate areas in 
the coastal "fog" forests. 


RELATIONSHIPS OF SOIL WITH OTHER 
MICROHABITATS 


Soil is by no means a closed system, not only 
because of the cycling of nutrients and the exchange 
of energy and information with the above-ground 
subsystem (Di Castri et al., 1965a). but also because 
soil-related organisms have a potential of coloni- 
zing several other habitats; conversely, many or- 
ganisms inhabiting different habitats search for the 
soil environment during a part of the year or a part 
of their life cycle as a refuge from climatic in- 
stability. A sort of habitat turnover is established, 
therefore, between the soil and the neighboring 
environments, with a daily or seasonal periodicity. 

This section has a two-fold objective: firstly, to 
highlight the evolutionary potentials of several soil 
animals to expand their distribution by colonizing 
very diverse terrestrial environments; and secondly. 
from a methodological viewpoint, to stress again 
that this ecological research should not be focused 
exclusively on a very restricted biotope and at the 
site level; a lack of appreciation of the complexity of 
the interrelationships would then bias the con- 
clusions, not only in ecological topics. but even 
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more in biogeographical and taxonomic aspects 
(immature specimens and adults often occupy a 
different microhabitat or soil stratum). While the 
previous section of this chapter has dealt with the 
variations along an extremely extended latitudinal 
gradient with replacement of ecosystem types. this 
section covers a scale of a few meters along which 
these different microhabitats are stepped. 

The relations between the soil animals and the 
populations of decaying wood. rocks and trees 
have been discussed in general terms by Wallwork 
(1976). Trave (1963) paid particular attention to the 
distribution and ecology of the oribatid mites in 
several non-edaphic habitats, some of them situated 
in the mediterranean-climate zone of France. 

Fig. 24.6 shows the affinity [or "similarity", 
expressed by Sorensen's (1948) quotient] at the 
species level between the arthropod communities 
inhabiting four superposed strata. from the deep 
soil up to mosses on a tree trunk, in a Chilean 
formation with a mediterranean humid climate. The 
moss community appears as a kind of “depen- 
dency” of the litter and the humus. since it shares a 
large number of species with the other two 
microhabitats. 

The crossroad position of humus is clearly de- 
picted in Fig. 24.6. Humus is at the same time the 
point of departure for the colonization of other 
environments, and a refuge for a fauna of different 
origins. thus constituting the “core” of the highest 
species diversity of both animals and microbes (and 
in general of the overall ecosystem). Humus is also a 
connecting link between the autotrophic, energy- 
storing vegetation and the microbial communities: 
the latter mineralize part of the organic matter and 
reorganize part of it as humified constituents, which 
can be considered as a source of stored information 
(Di Castri et al, 1965a; Schaefer, 1973). As the 
centre of biochemical information and of biological 
complexity, humus is also a key centre of regulation 
of the mediterranean ecosystem as a whole (Di 
Castri, 1966). Unfortunately, little is sull known on 
the biochemical processes of humification and 
humus degradation under mediterranean climates 
and sclerophyllous vegetation, or on the character- 
istics of the organic matter of different mediter- 
ranean soils (for southern France, see Bottner, 
1970). In addition several agricultural practices 
acting on such erosion-prone soils as the mediter- 
ranean ones. cause a sort of "decapitation" of the 
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Fig. 24.6. Species affinities (according to Sorensen's quotient) 


between arthropod communities inhabiting the deep soil, the 
humus layer, the litter and the mosses on trees, in Chile. 


humus layer from the soil profile (Di Castri, 1966); 
some of the detrimental biological effects discussed 
earlier in this chapter are explained by the extreme 
humus impoverishment of these soils. 

A series of microhabitats colonized by humi- 
colous and edaphic (soil-related) species of animals 
is schematically shown in Fig. 24.7. Iwo pre- 
liminary observations should be made as regards 
this figure. Firstly. the trend of the migrations can 
be both upward and downward. Secondly. for some 
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Fig. 24.7. Microhabitats inhabited by soil-related species of 
invertebrates in environmental gradients controlled by increased 
aridity (left side) and increased moisture (right side). 


species it may represent their present-day habitat 
turnover in a given site; for some groups of phylo- 
genetically related species, the latitudinal shift of the 
stratum occupied by them: for other species, finally, 
the sense of their evolutionary history which had 
linked them irreversibly to a very specialized micro- 
habitat; it depends on the degree of evolutionary 
plasticity or specialization that a given species has 
reached. 

With this different time perspective in mind, one 
can draw the general conclusion that animal species 
search (or have searched) for the soil environment 
when they have to escape conditions of a strong 
climatic seasonality (summer drought, too cold 
winters). Conversely, they leave (or have left) the 
soil when it becomes too dry (even at depth), or 
anoxic due to waterlogging and water saturation of 
the soil interstices. In a latitudinal ecosystem gra- 
dient, for instance, the first case would correspond 
to semi-deserts and deserts, the second tó some 
tropical savannas and forests on flat iands and to 
the moorlands. With increasing aridity in geologicai 
or present-day ecological terms (see Fig. 24.7), 
animals find refuge under stones (where even in 
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deserts some moisture remains because of the dew 
or occasional rainfall), in lichens on rocks and 
plants (or other epiphytes like P/rvgilanthus 
aphyllus, "quintral" in Chile, which grows on 
Cactaceae such as Trichocereus and Eulychnia) 
which can intercept and concentrate the atmos- 
pheric moisture, or under the bark of deep phreato- 
phytes having water-trapping devices in bark and 
branches. With increasing waterlogging and flood- 
ing (Fig. 24.7), these hygrophilous (but strictly 
aerobic) animals can find refuge in upper environ- 
ments, including the fronds of ferns, if air is almost 
saturated with moisture. 

Finally, Fig. 24.8 illustrates the occupation by 
soil arthropods of new microhabitats in a man- 
modified environment (cultivated and irrigated 
fields in the central zone of Chile). Taking as a 
benchmark the soil communities isolated in a deep 
hole of an old tree of Acacia caven, which represents 
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Fig. 24.8. Dendogram of species affinities (according 10 
Sorensen's quotient) between microhabi cultivated field 
in the mediterranean-climate zone of Chile (from Di Castri and 
Covarrubias. 1965). CD — cow dung: SH = superficial soil hor- 
izon: AH — Acacia caven tree hole; DH — deep soil horizon: 
DS — decaying trench silo: MS — maize silo: CS — clover silo. 
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the relatively most natural situation. it becomes 
evident that, together with specialized elements, 
there still exists in these communities a plastic 
component able to colonize such unstable and 
recent microhabitats as cow dung and even trench 
silos. 


BIOGEOGRAPHICAL ROOTS OF ADAPTATION OF 
SOIL ANIMALS 


In the introduction of this chapter, the fact was 
mentioned that, in the mediterranean-climate re- 
gions, different groups and species of soil animals 
show a multiplicity of evolutionary strategies and of 
mechanisms of adaptation to the peculiar environ- 
mental feature of these regions, that is, the extended 
summer drought. Furthermore, Di Castri 
(Chapter 1) has referred to the variety of elements 
from different biogeographical origins which exist 
in the communities of mediterranean-climate soils. 
The coexistence of so many life forms and of species 
with such different geological histories is possible 
because of the temporal and spatial heterogeneity of 
the mediterranean lands (Di Castri, Chapter 1). An 
additional scale of heterogeneity exists in relation to 
the soil communities, where there are gradients of 
microscopic habitats defined by extremely small 
microclimatic, microstructural and biochemical 
variations, due to different types of leaf litter and 
of humus, differences in the salt content of the 
soil, differences in soil particles, soil micro- 
agglomerations and intergranular spaces (for these 
micropedological aspects, see the classical work of 
Kubiéna, 1938). 

In this chapter, morphological adaptations leading 
to life forms such as the soil “water” animals or the 
eu-edaphic (strictly soil-livine and aerobic animals) 
species. physiological adaptations such as aesti- 
vation in a state resembling anhydrobiosis, de- 
velopmental adaptations such as neoteny (the adults 
conserving some of the larval characteristics, e.g.. 
smaller size and apterism, because of a delay or 
limitation. in the post-embryonic development), 
behavioral adaptations such as vertical migrations 
in soil or habitat turnover. have been frequently 
discussed. Therefore. the aim of this section is not to 
cover comprehensively tne different ways of auap- 
tation. but only to present more systematically 
some of the evolutionary strategies which have been 
described earlier in this chapter. 
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The first category ofevolutionary strategies refers 
to the mechanisms of escape (Di Castri, 1973c) or 
avoidance (Wallwork, 1976) vis-a-vis the prevailing 
climatic conditions. Three main forms of avoidance 
can be recognized in relation to the mediterranean 
climate: life at depth where the soil horizon main- 
tains favorable conditions of moisture all through 
the year (eu-edaphism): lile in a state of dormancy or 
diapause during the dry period (aestivation); mig- 
rations within the soil profile or habitat turnover 
with the neighboring microhabitats. 

Among the animals living at depth, some of them 
(such as the Protura and several groups of 
Collembola) seem to be primarily adapted to the soil 
environment, since there are no related taxa living 
at the surface. In the few cases when these groups 
can be found in other microhabitats (such as mosses 
or suspended soils), the moisture saturation of the 
air is such as to resemble that in the deep soil. 

On the other hand, other groups have close 
relatives (at the level of tribe or genus) living 
permanently in the epigeous (ground surface) en- 
vironment. They are, therefore, secondarily adapted 
to live in deep soil, and show progressive degrees of 
morphological adaptations (apterism, depigmen- 
tation, small size and filiform body) according to 
the strictness of their life at depth and/or to the 
geological time at which the phylogenetic line began 
to search for refuge in the soil environment. This 
evolutionary strategy applies mostly to the endoge- 
ous beetles (Coleoptera). parucularly to the families 
Staphylinidae, Pselaphidae, Scydmaenidae, Ptiliidae 
(= Trichopterygidae), Curculionidae, Colydudae, 
and Carabidae. For some ol the endogeous beetles, 
such as the Leptotyphlinae (Staphylinidae) and the 
genus Mayetia (Pselaphidae), the adaptation to life 
at depth is so integral or so ancient that they now 
lack close ties with epigeous forms. The evolution 
and ecology of soil beetles are treated comprehen- 
sively in two monographs of Coiffait (1958, 1959), 
while Jeannel (1965) refers in general to the origins 
of soil colonization by these arthropods, and Saiz 
(1973) discusses in particular some biogeographical 
aspects of soil beetles in the mediterranean-climate 
regions. 

Another mechanism of avoidance is of a passive 
nature: it consists in passing through the unfavor- 
able period (dry season) in a dormancy-like state; 
since the unfavorable period under mediterranean 
climates corresponds chiefly to the summer, this 
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adaptation is called aestivation. Aestivation has 
already been discussed in some detail in this chap- 
ter. It can be performed by adults in a state 
resembling anhydrobiosis (e.g., some Collembola 
such as Folsomides) or in the anabiosis of some 
Mollusca (Di Castri, 1973c; Wallwork, 1976), by 
means of resistant eggs (e.g., some Collembola such 
as Sphaeridia), by means of cysts as in most of the 
soil “water” animals, or by spores as in many soil 
bacteria and fungi. 

The last mechanism of avoidance is an active one: 
through migrations within the soil profile or to- 
wards other microhabitats, several groups of ani- 
mal escape periodically from the unfavorable con- 
ditions, searching for those more suited to their 
ecological tolerance. Their migrations can be oc- 
casional (in response to changes in the soil moisture) 
or cyclic in nature; cycles can be of a 24-h peri- 
odicity, seasonal, or corresponding to ontogenic 
development (usually /arvae living in soil, and 
adults in the upper environment, as in many 
insects). 

The second category of evolutionary strategies of 
soil animals involves specific adaptations to the 
summer drought of the mediterranean climate, 
through physiological or behavioral means. These 
can be called mechanisms of tolerance (Wallwork, 
1976). Among the mechanisms for reducing water 
loss (i.e., to lower the basic transpiration) are the 
strong and almost impermeable cuticles of several 
Tenebrionidae beetles. Mention has already been 
made of the excretory adaptations of some South 
Australian Megascolecidae, which also favor water 
conservation in summer (Jamieson, 1974). The 
ability of certain species of woodlice (Isopoda) and 
of pill millipedes (G/omeris) to conglobate also 
allows these animals to lose considerably less water, 
according to Warburg (1965. 1968). It has also been 
suggested that some desert invertebrates have the 
possibility of active uptake of water from un- 
saturated air (Edney. 1967). For a first compre- 
hensive discussion of the water relations of ter- 
restrial arthropods. reference should be made to the 
monograph of Edney (1957). 

It is important to draw attention to the relativity 
of these concepts. both of the mechanisms of 
avoidance and of tolerance: there are no sharp 
divisions among them. but transitional processes 
and strategies. For instance. research on experimen- 
tal gradients of soil moisture. established by con- 
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trolled irrigation and carried out in central Chile by 
the authors and their co-workers, has demonstrated 
that some edaphic invertebrates such as the Protura 
can shift their living stratum upwards in the soil 
profile. Similarly. some "endogeous" beetles are 
found in the superficial humus layers in rainier areas 
with a mediterranean perhumid climate. For some 
taxa of Crustacea, there is even a transition between 
aquatic and terrestrial life, as shown by Lóffler 
(1966) for the copepods and by Edney (1968) for the 
isopods. 

In addition, the fundamental question to clarify is 
whether or not (and to what extent) these evo- 
lutionary strategies and these mechanisms of adap- 
tation are peculiar to the mediterranean-climate 
soils, or can be found elsewhere. The unequivocal 
reply to that question is that most of these strategies 
are not typical of the mediterranean environment. 
The "tolerance" adaptations are all referable to a 
desert environment (Wallwork, 1976). Most of the 
adaptations embraced under the term of "aesti- 
vation" (anabiosis, resistant eggs. encystment, 
sporulation) can also occur in the other ecosystem 
types (e.g., deserts, tropical savannas, mountain 
and tundra ecosystems) when the prevailing climatic 
conditions become unfavorable (while not necessar- 
ily, or not primarily, in the summer). In Australia, 
for instance, the "aestivation" of Collembola 
(Folsomides) has been observed in desertic (Wood, 
1971) as well as in mediterranean-climate soils 
(Greenslade, 1974, 1975). 

1f the habitat turnover of soil animals and life at 
depth are far from being unique to the mediter- 
ranean environment, they are, nevertheless, the 
evolutionary strategies which at least seem to be 
more frequent in the mediterranean communities 
than in other ecosystems. Habitat turnover, includ- 
ing changes of strata within the soil profile, exists in 
all ecosystems, but in the mediterranean regions is 
facilitated by their great spatial and temporal 
heterogeneity (Di Castri, Chapter 1). Life of aerobic 
arthropods at depth is also common in other 
temperate-climate ecosystems (particularly decidu- 
ous and mixed forests, and some grasslands), and 
even in the tropics in some mountainous areas. 
However. deep soil profiles on gentle slopes. with 
good ueration and without waterlogging (except 
some occasional flooding in the winter), associated 
at present with dry seasonal conditions at surface. 
but preserved by the massive glaciations of the 
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Quaternary (that is, all the prerequisites for the eu- 
edaphic life), occur predominantly in some mediter- 
ranean-climate areas. 

In conclusion, if most of these adaptations do not 
depend primarily on the existence of the present- 
day mediterranean climate, it is because they had 
been acquired by the soil fauna long before the 
appearance of that climate (see also Di Castri, 
Chapter 1). Some of them are related rather to 
humid and subhumid conditions (either temperate 
or tropical). others to desertic conditions. Research 
on the adaptive mechanisms of the soil fauna under 
mediterranean climates cannot be dissociated. 
therefore, from a profound knowledge of the 
biogeographical origin of the group under study; 
they depend on the geological history of that group 
at least as much as on present-day climatic con- 
ditions. This is what is meant by the title of this 
section — the “biogeographical roots of the adap- 
tation of soil animals”. 

This point stresses again the danger of generali- 
zing when only one site (or a few sites) and/or only 
one taxonomic group (or a few taxa) are taken into 
consideration. For instance in Chile, if mostly 
hygrophilous taxa were to be considered (e.g., 
some of the Collembola, the endogeous beetles, 
the numerous species of Pseudoscorpionida 
Austrochihonius or Gymnobisiidae). it might be 
concluded that the mediterranean zone of Chile is 
the northernmost end of a continuum of temperate 
communities of Valdivian and Magellanic origin 
(or of Paleoantarctic origin in a more ancient 
geological time dimension). If, on the other hand, 
xerophilous groups of Tenebrionidae. Pseudo- 
scorpionida Olpiidae and some of the Arachnida 
were under consideration, one might argue that the 
mediterranean zone of Chile represents the southern- 
most end of a conunuum of desertic and arid 
Andean formations. The situation would be differ- 
ent in South Africa and southern Australia, since 
these regions now lack continuity with areas with 
temperate humid climates (though their soil com- 
munities retain a number of "temperate" elements 
of Paleoantarctic origin), while they present a 
continuous range with subtropical and tropical 
ecosystems: in fact, in relation to plants. Specht 
(1980) demonstrated that the understory of the 
mallee communities with a mediterranean arid 
climate in southern Australia is "the southernmost 
end of a continuum of diverse plant communities 
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from subtropical coastal Queensland". It is not 
surprising that, in the recent book of Wallwork 
(1976) on the distribution of soil fauna. the 
"mediterranean" animals are treated sometimes in 
the chapter on hot deserts, sometimes in relation to 
grasslands or to temperate and subtropical forests. 

In synthesis, the peculiar feature, the "intrinsic" 
nature of mediterranean biogeography. at least as 
regards the soil animals, is not the presence of given 
phylogenetic lines or the occurrence of a given 
evolutionary strategy, but the superposition of 
remnants of successive geological eras and the 
coexistence of the most diverse evolutionary strat- 
egies. due both to the conservative capability and 
the heterogeneous characteristics of the lands with a 
present-day mediterranean climate (see Ch. 1). 

In addition to having accumulated derivatives 
from tropical, temperate and desertic faunas, dur- 
ing the Pleistocene these lands acquired the mediter- 
ranean climate with several localized subclimates. 
With the concomitant large changes in topography 
(new orographic features, physiographical frag- 
mentation of small isolated territories, exposure of 
new rocks and formation of new soils), this change 
accelerated the speciation of soil invertebrates to 
such an unprecedented rate that the term "pulveri- 
zation" (Di Castri, 1973c) has been used to desig- 
nate the micro-scale segregation of phylogenetic 
lines, giving rise to innumerable species of an 
extremely restricted distribution; this segregation 
was even more marked for the arthropods which 
remained as "refugees" in the deep soil, with very 
limited ability for dispersion. 

Given the enormous variability of biogeographi- 
cal patterns in the five mediterranean-climate re- 
gions for the different groups and species of soil 
animals. any global generalization would be, almost 
by definition, an oversimplificauon. World maps of 
distribution of some “mediterranean” animals have 
been prepared by Sáiz (1973) and Vitali-di Castri 
(1973). To illustrate in this chapter some biogeo- 
graphical affinities among the five regions, the 
faunas of pseudoscorpions will be taken as an 
example. for the following reasons: 

(a) It is a group particularly well represented in 
the sclerophyllous formations with a mediterranean 
climate. not only in the soil, but also in the related 
microhabitats (under bark. under stones. in litter 
and moss). 

(b) It is a group which comprises hygrophilous 
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(like most of the Chthoniidae), mesophilous (like 
several Chernetidae), and  xerophilous (e.g. 
Olpiidae) species. 

(c) Its taxonomy is relatively well known in the 
five regions with a mediterranean climate (Vitali-di 
Castri, 1973). 

(d) Lines of very different geological history are 
recognizable. For instance, Vitali-di Castri (1973) 
described for the fauna of mediterranean Chile ten 
major components: three very ancient probably 
Gondwanan lines, one of them with a very frag- 
mentary relict distribution in some regions with a 
mediterranean climate (the Menthidae in 
California, Israel and Chile, see Vitali-di Castri, 
1969c). a second (e.g. Cheiridiidae) with a pantropi- 
cal distribution, and a third (e.g. Olpiidae) widely 
distributed in all the desertic zones of the world; 
three Paleoantarctic hygrophilous lines which 
demonstrate, through their varying patterns of 
distribution in the austral continents, different 
times of geological separation from a very ancient 
Cretaceous origin to a Tertiary derivation (see also 
Di Castri, Chapter 1, Fig. 1.8); neotropical species: 
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elements of amphitropical (Chile — western North 
America) distribution, having probably migrated 
along the Andes; “mediterranean” endemics: and 
cosmopolitan species carried by man. Mechanisms 
such as neoteny in the Cheiridiidae (Vitali-di Castri, 
1966) and sexual dimorphism in the Gymnobisiidae 
(Vitali-di Castri and Di Castri, 1970) would have 
further promoted speciation in the mediterranean- 
climate areas. 

(e) Finally, the pseudoscorpions constitute a 
group fairly representative of the patterns of 
biogeographical distribution shown by several 
other taxa of soil animals. 

Fig. 24.9 presents a world map with the affinities 
(at family and genus level) among the faunas of 
pseudoscorpions of the five regions with a mediter- 
ranean-type climate. Affinities have been calculated 
by means of the "simple matched coefficient", 
derived from methods of numerical taxonomy 
(Sokal and Michener, 1958; Sokal and Sneath. 
1963). The lowest affinities are not shown in the 
figure. It should also be pointed out that inter- 
continental affinities at the species level have not 
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Fig. 24.9. Affinities (at family and genus level) among the Pseudoscorpionida faunas of the five regions of the world with a mediterranean- 
type climate (modified from Vitali-di Castri, 1973). The degree of affinity is directly proportional to the thickness of lines. 
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been calculated. since almost no common species 
exist among these regional faunas, with the excep- 
tion of a few cosmopolitan ones. 

Three main conclusions can be advanced from 
the analysis of Fig. 24.9: 

(1) The level of affinity among these soil faunas is 
much higher than that which a similar analysis of 
the dominant mediterranean shrubs would have 
shown, at least as regards the three regions of the 
Southern Hemisphere (in fact, there are almost no 
genera of overstory plants in common). The weight 
of a common, very ancient geological heritage is, 
therefore, more marked for the soil fauna than in 
the case of most of the vegetation and of the 
vertebrates. 

(2) Affinities are greater in a transverse 
(east-west) than in a north-south direction, in spite 
of the present-day territorial continuity between 
South and North America, and between South 
Africa and the Mediterranean Basin (and in spite of 
the present-day large separation by the oceans of 
the other regions). These old phylogenetic linkages 
are attributable to the existence in the Cretaceous of 
a northern Laurasian continent (embracing North 
America and Eurasia) and of the southern 
Paleoantarctic lands, connecting Antarctica, South 
America, Australia and part of South Africa (or 
with bridges with South Africa). For the sequence 
of geological events, attention is drawn to Fig. 1.8 
(Di Castri, Chapter 1). 

(3) “Vertical” affinities are greater between 
California and Chile (and also of a rather recent 
nature, being high at generic level), than between 
South Africa and the Mediterranean Basin, in spite 
of the fact that the connection between North and 
South America was re-established only at the end of 
the Tertiary through the Isthmus of Panama. 
Unhke the barrier represented by the Sahara 
Desert, the Andes, because of their north-south 
extension, acted as a kind of bridge facilitating the 
passage and migration of mesic and cold-tolerant 
species across the wet tropical forests of northern 
South America and the extremely dry Atacama 
Desert southward. 


CONCLUSIONS 


The soil animal communities of the five regions 
with a mediterranean climate have a number of 
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structural patterns in common. which can mainly be 
ascribed to the deep stratification in the soil, 
migrations within the soil profile, as well as to and 
from neighboring environments (habitat turnover), 
and the phenological behavior with a minimum of 
activity and of density during the summer. 
Physiological (e.g. aestivation) and morphological 
(e.g. strong chitinization of ground animals, "eu- 
edaphic” adaptations of deep soil animals) con- 
vergences exist also between comparable animal 
groups of the five regions: some of these con- 
vergences, however, are attributable to adaptations 
acquired before the appearance of the mediter- 
ranean climate, under desert, temperate (humid and 
cool to cold) or tropical conditions. In addition to 
having accumulated derivatives from different cli- 
matic periods and diverse biogeographical origins 
the “mediterranean” lands were the center of an 
unprecedented phenomenon of accelerated spe- 
ciation during the Pleistocene, because of the ap- 
pearance of the mediterranean climate and of the 
concomitant large-scale orogenic and topographic 
changes which took place in most of these regions. 
This helps to explain the high species diversity 
shown by several soil animal communities of the 
mediterranean zones. 

There are more phylogenetic affinities between 
the soil faunas of the five mediterranean-climate 
regions than in their vegetation. Furthermore, the 
influence of their historical and geological heritage 
on soil communities appears to be more pervasive 
than that of the present-day climatic conditions. 

Considering the great spatial and temporal heter- 
ogeneity of the mediterranean lands and eco- 
systems, the restricted distribution of the soil ani- 
mals and of the soil communities, as well as their 
close dependence on historical factors, make them 
excellent ecological indicators of soil characteristics 
(including the origin of the soil and pedogenetic 
processes) and good biogeographical indicators of 
the degree of similarity between different disjunct 
ecosystems. as well as possible benchmarks for 
evaluating the degree of man's impact (both du- 
ration and intensity) on given soils. 

The gradient approach (an environmental gra- 
dient taken as unit for research) is the methodologi- 
cal response to the heterogeneity of the mediter- 
ranean environment (Di Castri, 1973b). In this 
chapter. in addition to the intercontinental com- 
parisons among the five regions. results have been 
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presented regarding latitudinal gradients, topo- 
graphical gradients (which, including the valley 
bottom and the two pole-facing and equator-facing 
slopes, can represent a microcosm of almost all 
latitudinal conditions), altitudinal gradients (to a 
certain extent, a recapitulation of the polewards 
latitudinal gradient), habitat gradients controlled 
by the varying availability of moisture or the level of 
soil nutrients, microhabitat gradients (from the 
“arboreal” soil-related fauna to the “deep soil” 
fauna; microstructural,  microclimatic and 
biochemical gradients in the soil), anthropogenic 
gradients (as regards the number of years of man’s 
manipulation and/or the intensity of man’s impact), 
and experimental gradients (experimental burning, 
varying degrees of inundation through controlled 
irrigation, removing or interchanging of different 
types of litter, etc.). 

As the nucleus of the highest species and 
biochemical diversity, humus represents the centre 
of regulation of the soil subsystem and, to a certain 
extent, of the whole ecosystem. The patterns of 
distribution of soil animals. their aggregation and 
relative abundance, as well as the physical con- 
ditions of their habitat (“filtering of atmospheric 
stresses, potential for water absorption and re- 
tention, pore spaces and interstices), are largely 
determined by the humus characteristics, which, on 
the other hand, depend ultimately on the activities 
of soil organisms. However, little is known about 
humification processes under a mediterranean cli- 
mate in a litter formed mostly of coriaceous leaves, 
rich in secondary plant-chemical compounds; even 
less is known about the conditions of humification 
under different agricultural and forestry practices. 
In more general terms, very important gaps still 
exist in knowledge of the róle of soil nutrients and of 
soil organisms as determinants of the structure and 
the functioning of the mediterranean-type eco- 
system as a whole. 
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